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ABSTRACT
Mangrove soils along the Guinea coast are among the 
most fertile and potentially suitable soils for rice 
production. Rice production success and feasibility is 
hampered by adverse soil chemistry conditions and the use of 
traditional farming methods. The objectives were to 
undertake a pedological investigation to characterize these 
soils during the wet and dry seasons, provide an 
understanding of fertility constraints, and develop a 
management plan to improve rice production.
Seasonally and permanently flooded soils categories 
were recognized. Seasonally flooded soils are subjected to 
drainage and permanent protection from saltwater intrusion. 
These soils were correlated as Typic Endoaquerts, Typic 
Endoaquepts, or Hydraquentic Sulfaquepts. They are 
characterized by low ECEC, high A1 saturation, imbalanced 
nutrients, and S toxicity when flooded. High ESP and 
salinity in recently drained soils, and low dry season 
moisture are limiting.
Permanently flooded soils still used for traditional 
rice cultivation were correlated as Typic Sulfaquents. New 
subgroups— "Sodic" (ESP > 15) for Endoaquerts and 
Endoaquepts, and "Psammentic" (sand > 50%) for Sulfaquents 
great groups are proposed. Fertility constraints are: 
potential sulfate acidity, high salinity and ESP, nutrient
ix
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imbalance, potential high A1 saturation and toxicity, S and 
Fe toxicity. Inappropriate water control/management, 
cultural practices, and low yielding, non-resistant 
traditional rice varieties add to these constraints.
Management recommendations for the seasonally flooded 
soils include: establish dike and canal systems to control
floodwaters during the wet season; incorporate rice straw 
into the topsoil after harvesting; correct nutrient 
imbalance using nitrogen fertilization; initiate field 
experiments for N, P, and K effects on rice yield; and apply 
lime to neutralize A1 and increase Ca in the soil.
The suggested management system for permanently flooded 
soils includes: drainage and protection from saltwater
intrusion and use the same seasonally flooded soils 
fertility management system.
The use of stress-resistant and high yielding rice 
cultivars is strongly recommended. Adaptive and applied 
research is needed to develop lower-cost and locality- 
adaptive technologies to ensure sustainable food production 
on these soils to protect the environment and ensure 
sustainable agriculture for future generations.
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INTRODUCTION
Food production to feed rapidly growing populations is 
the number one national goal of every developing nation.
This means formulating a land use and management plan for 
all land. This is especially true for those lands that are 
producing or have the potential to produce food. In the 
Republic of Guinea, the essential role assigned to 
agriculture is: to supply the population with sufficient
food, to supply the factories with raw materials, and to 
furnish agricultural products for export. To successfully 
fulfill this plan, Guinean agriculture must become more 
efficient, must identify arable lands and use technical and 
political insight to bring only those lands with sound 
environmental potential into production.
The alluvial soils of the coastal plains of lower 
Guinea are probably the most fertile and potentially the 
most productive soils in the country. Attention has been 
focused by the government on increasing rice production on 
these plains. Presently, acidity and salinity are limiting 
rice production on these plains because there is no country­
wide land reclamation and management plan.
The majority of these soils have been found to contain 
appreciable amounts of unoxidized sulfidic materials, 
usually in the form of iron sulfide (pyrite) (Horn et al., 
1967; Horn and Chapman, 1968; Kavalec, 1973). If these
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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soils are drained and allowed to oxidize, they may develop 
extremely acid conditions.
Conditions, biochemical transformation and processes 
that lead to the accumulation and oxidation of pyrite in 
these soils have been well documented (Attanaiida and 
Vacharotayan, 1986; Bloomfield and Pons, 1973; Patrick and 
Delaune, 1972; Pons and van Breemen, 1982; van Breemen, 
1982). The mechanism includes the reduction of ferric iron 
(Fê ‘) to ferrous ( Fe'" ) by facultative anaerobic 
microorganisms in anoxic conditions at an Eh between +150 
and -100 mV. As the soil becomes more reduced, sulfate 
( S0= ) from the sea is, in turn, reduced to sulfide (Ŝ ‘)
by absolute anaerobic microorganisms at Eh between -100 
and -250 mV. These biochemical transformations are favored 
by the availability of abundant organic matter 
characterizing these soils. Ferrous iron subsequently 
reacts with to form pyrite (Patrick and Delaune, 1972; 
van Breemen and Pons, 1978).
Drainage or protection from tidal inundation allows 
iron sulfide (pyrite) to oxidize and produce the highly acid 
conditions that are associated with cat clay soils. Also, 
they usually have high residual salinity that decreases the 
production, especially rice. The routine management and 
agronomic practices for traditional rice production on these 
soils consist of: (1) flushing and leaching the acid and
salt with rainwater or with irrigation from rain-fed
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streams, (2) manually incorporating annual weeds and rice 
straw into the topsoils using a hoe, and (3) transplanting 
the paddy from nurseries. The average yield is about 1 to 
1.5 t ha"̂ . However, under good cropping conditions, it is 
possible to obtain 2.5 to 3 t ha"̂ . The dependence on 
yearly flushing before transplanting results in crop 
failures in years of insufficient rainfall. This is one of 
the most, if not the most, negative aspects of the 
traditional rice production in Guinea. Construction of a 
system of dikes and canals to prevent flooding at high tides 
and permit removal of excess flood water during the wet 
season has been initiated at the rice research station in 
Koba. This management plan has been successful in 
increasing the rice production and improving the economic 
status of this area since the 1950's. However, this has not 
been a country-wide plan.
The success and feasibility of growing rice on these 
coastal plains, which extend for more than 400 km north to 
south (from Guinea-Bissau/Guinea border to the border with 
Sierra Leone), requires baseline data. Subsequently, a plan 
to efficiently manage these soils must be developed. The 
management system must increase yield through increased 
productivity. This new technology must be applied to all 
new lands brought into production.
The objectives are: (1) to identify, characterize, and
classify these coastal soils in Soil Taxonomy (Soil Survey
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Staff, 1992), (2) to evaluate their specific fertility 
constraints, and (3) to devise efficient methods of 
management by which the productivity of soils under use can 
be improved, yields increased, and new lands brought into 
successful production.
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CHAPTER I 
CLASSIFICATION OF THE MANGROVE 
SOILS OF THE REPUBLIC OF GUINEA
Soils are classified according to a comprehensive 
system based on the theory that each soil has definite 
morphology properties that are related to the processes of 
formation. It is an hierarchical system that uses classes 
of order, suborder, great group, subgroup, family, and 
series. This makes it possible for each soil to be 
classified in a system that has worldwide acceptance and 
use. The definitive publication for this system is Soil 
Taxonomy, produced by the U.S. Department of Agriculture 
(1975) and Keys to Soil Taxonomy (1990).
The majority of Guinean mangrove soils have been found 
to be potential and/or actual acid sulfate soils (Horn et 
al., 1967; Horn and Chapman, 1968; Kavalec, 1973). In 
defining and classifying acid sulfate soils, two terms from 
Soil Taxonomy— sulfuric horizon and sulfidic material— are 
key differentiation elements. These terms have been 
extensively defined by soil scientists involved in the work 
in the U.S. and elsewhere (Fanning and Witty, 1992; van 
Breemen, 1982; Witty et al., 1986). In the recent Keys 
(1992) to Soil Taxonomy, they are defined as follows:
1. The sulfuric horizon (L. Sulfur): is 15 cm or
more thick— composed of either mineral or organic 
soil material that has a pH < 3.5 (1:1 by weight 
in water) under field conditions, directly
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
underlaid by a sulfidic material (Soil Survey 
Staff, 1992). [It forms as a result of natural or
more commonly artificial drainage.]
2. Sulfidic materials are mineral or organic
materials containing oxidizable S compounds, with 
a pH of more than 3.5, that if incubated as 1 cm 
thick layer under moist (field capacity), aerobic 
conditions at. room temperature, show a drop in pH 
of at least 0.5 units to a pH of less than 4.0 
(1:1 by weight in water, or in a minimum of water 
to permit measurement) within 8 weeks (Soil Survev 
Staff, 1992).
Potential acid sulfate soils are flooded soils that 
contain sulfidic materials above 1 m depth. Acid sulfate
soils are those with a sulfuric horizon within 50 cm depth
(Soil Survey Staff, 1975).
The chemical dynamics governing the genesis of acid 
sulfate soils are very rapid in comparison to the slowly 
developing properties that are the criteria in addition to 
morphology for Soil Taxonomy. For this reason, they do not 
fit smoothly into this.
However, several authors (Fanning and Witty, 1992; Soil 
Survey Staff, 1975; Soil Survey Staff, 1992; van Breemen, 
1982) have classified those soils with sulfidic materials in 
the Entisols order as Sulfaquents, Sulfic Fluvaquent, and 
Sulfihemists. Soils with a sulfiric horizon are classified 
in the Inccptisols order as Sulfaquepts, Sulfic Tropaquepts, 
and Sulfic.Haplaquepts. The depth to the sulfidic material, 
pH, climate, color, and n-value are key characteristics in 
differentiating these great groups.
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This chapter deals with taxonomic classification 
aspects of Guinean mangrove soils based mainly on the recent 
changes included in the Keys to Soil Taxonomy (Soil Survey 
Staff, 1992). The objectives are (1) to identify various 
soil types that have developed on these coastal plains, (2) 
to classify them in Soil Taxonomy, and (3) to provide a 
logical understanding about the processes of formation.
Materials and Methods
Field
The field investigation covered the Pogolon estuary 
mangrove soils, the Monchon, and Koba coastal mangrove 
soils, three of the major rice production areas in lower 
Guinea (Fig. 1).
These areas were chosen because they: (1) represent
the range of the coastal plain mangrove soils, (2) there has 
been a governmental commitment to reclaim and assist the 
local farmers, and (3) there is a research component 
associated with each project area. These areas are 
representative of the coastal plain's physiography 
heterogeneity, diverse land use, diversity of reclamation 
technology, and a range in length of time and intensity of 
reclamation.
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Figure 1. Location map of the Republic of Guinea and 
study areas.
Source: Chemical properties of the coastal alluvial soils
in the Republic of Guinea (Horn et al., 1967. Soil 
Sci. Soc. Amer. Pro. 31:108-114). 00
9
The soils on these plains are developed in sediments 
transported from the interior upland by freshwater streams, 
and subsequently deposited in a littoral or estuary zones.
The local parent material of the plains is reported to 
be Ordovician Siliceous sandstone, while granite and other 
extrusive ultrabasic igneous rocks are the source of the 
deposited sediment from the uplands (Bonfils, 1950; Horn et 
al., 1967).
These soils have evolved under a tropical climatic 
conditions characterized by the alternation of a dry season 
and a wet season. The climate of the coastal plain consists 
of a warm monsoon with heavy rainfall from May to November, 
with maximum amounts during July and August. Total 
precipitation during the wet season averages about 4,000 mm 
(158.5 in.). Practically no rainfall is received during the 
dry season (December to May). The temperature fluctuates 
between 22°C (December to February) and 25°C (March to 
November).
The soils have developed under daily tidal saltwater 
intrusion during the dry season and seasonal fresh water 
flushing during the wet season. However, salinity levels 
vary, depending on the local microtopography. In lower- 
lying areas (<3 m above mean sea level), the soils are 
saline. During the wet season, freshwater flooding causes 
surface flushing and some dilution of saline ground water in 
these areas. Soils in higher-lying areas (3 m to 4 m above
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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mean sea level) are non-saline or weakly saline. In these 
areas, some leaching of salts from surface layers occurs 
during the rainy season.
Rapid development of plant species, such as avicenia 
(Avicenia nitida), paspalum {Paspalutn vaginacua), sesuvium 
(SesuviuD porculacoides) , and philoxerus (Philoxerus vermiculacus) , 
characterize the plant communities. Abundant leaf litter 
production from rhizophora (Rhizophora nitida) constitutes a 
potential for appreciable organic matter accumulation.
A total of 15 profiles comprising: Pogolon, 4 profiles
(Pl-4); Monchon, 6 profiles (P5-10); and Koba, 5 profiles 
(Pll-15) were excavated. In the Pogolon region, the 
mangrove soils developed on estuary plains that were 
initially colonized by Rhizophora racenosa species. Soils have 
not been reclaimed except that they are partially protected 
from seawater intrusion during the growing season. They are 
used for traditional rice cultivation.
In the Monchon region, the soils are developed on the 
littoral plains initially colonized by Avicenia nicida and/or 
Rhizophora racenosa species. In the Koba region, they 
initially evolved littoral-riverain tidal plains where the 
primary vegetation was Avicenia nitida, that was replaced by 
Rhizophora racenosa. Soils in these two regions have been 
drained and protected from saltwater intrusion at different 
periods (from the 1950s to present). They are subjected to
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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A total of 15 profiles were excavated, described, and 
sampled in the dry (D) season (March 1990). Soil samples 
were taken at the same locations and from the same horizons 
in the wet (W) season (July 1990) as those obtained in the D 
season. Each soil sample was sealed in doubled thick 
plastic bags.
Field pH measurements were recorded in situ from each 
horizon, in both the D and W seasons, using combined glass 
and reference electrodes connected to MPM 4000 Matrix 
Processor. A portion of each horizon was retained in its 
natural moisture state. A subsample from this material was 
used to obtain the electrical conductivity data. A second 
subsample from the same material was retained to be slowly 
air dried to allow pyrite oxidation.
Laboratory
Soil samples were air dried, crushed, and passed 
through a 2-mm sieve and stored for analysis. Subsamples 
for total sulfur content were crushed to pass through a 
0.25-mm sieve and sulfur percentages were obtained by 
titration using a LECO HF-10 furnace.
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 2
The pH's in the laboratory were obtained from soil 
samples that were slowly air dried. Soil conductivity 
measurements were obtained using a conductivity bridge- 
Particle size distribution analysis was performed using the 
Bouyocos dispersing method. Field moisture content and air 
dry moisture content were obtained by oven drying at 105°C. 
Exchangeable A1 and H were obtained by extraction using 
1.0 N KCl, cation exchange capacity (CEC) by saturation with 
NH.OAc, and run using inductively coupled plasma 
spectrometer (ICP) equipped with a Gilson auto sampler.
These methods are from SSI, Report No. 1 (1984). Available 
P was determined by Bray II (Soil Science, vol. 59, 1954) 
and total nitrogen analysis was performed, using Kjeldahl's 
method and organic C, by Peech et al. (1947) and Walkley and 
Black (1934).
The mineralogical composition was determined using a 
computerized diffractometer system coupled with NEWMOD, and 
generated standard diffractograms. Due to the excess of 
wetness, it was not possible to determine the bulk density.
Results and Discussion
Various land reclamation/management systems have been 
in use for rice production in the coastal plains of Guinea. 
These include: (1) partial protection of rice fields from
seawater intrusion during rice growing season (wet season),
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(2) permanent drainage and protection of soils from seawater 
intrusion with neither freshwater irrigation during the dry 
season nor liming, and (3) permanent drainage and protection 
of soils with both freshwater irrigation and liming. These 
management practices contrast the pedogenesis processes 
manipulating air and water reactions. These processes 
include oxidation and reduction, translocation, and 
leaching. The combined effects of these reclamation/ 
management practices, coupled with seasonal variations 
within time, have created contrasting pedochemical 
environments from that which exists in the virgin mangrove. 
In addition, physiographic and geomorphic characteristics of 
a particular setting associated with tidal movement (high 
tidal wave energy in deep estuaries, progradation and 
retreat along the littoral) appear to profoundly affect the 
development of specific mangrove species. Each mangrove 
specifically promotes unique chemical properties to the 
soils they colonize.
Selected mineralogical, physical, and chemical analysis 
data of the investigated soils are provided in Tables 1-6. 
Site and profile descriptions are also provided (Appendix). 
Based on these data, soils were grouped in the 10 following 
series: the Kindiadi (PI); Dentema (P2, 5 and 14); Pogolon
(P3); Doniah (P4); Mintany (P6 and 7); Madina (P8); Gambian 
(P 9, 10, and 13); Koba (Pll); Kitikata (P12); and Taborea 
(15). The data presented in Fig. 2 show the contrasting
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Table 1. Selected physical characteristics of the mangrove 
soils (Pogolon region).
Horizon Depth Sand Silt Clay n-value Tex.class
PI Kindiadi series
Ag 0 - 7 1.8 52.1 46.1 1.0 si.c.
Cgl 7 - 23 7.0 53.4 39.6 2.1 si.c.l
Cg2 23 - 44 4.5 53.8 41.7 2.3 si.c.
Cg3 44 - 60 2.7 53.8 43.5 2.2 si.c.
Cg4 60 - 100 2.9 56.3 40.8 - si.c.
CgS 100 - 150 2.7 55.4 41.9 - si.c.
• P2 Dentema series
Ap 0 - 7 4.0 56.2 39.8 1.3 si.c.l
Bgj 7 - 18 1.4 56.2 42.4 1.6 si.c.
Cgl 18 - 50 1.1 56.4 42.5 2.0 si.c.
Cg2 50 - 75 2.6 55.7 41.7 2.2 si.c.
Cg3 75 - 100 4.0 56.1 39.9 - si.c.l
Cg4 100 - 150 2.1 56.1 41.8 - si.c.
P3 Pogolon series
Ap 0 - 1 3 62.2 21.9 15.9 0.7 s. 1.
Eg 13 - 32 87.5 7.2 5.3 1.0 l.s.
Btgl 32 - 58 79.9 12.3 7.8 0.1 1. s .
Btg2 58 - 100 81.3 10.4 8.3 0.1 l.s.
eg 100 - 150 85.7 9.6 4.7 0.2 l.s.
P4 Donia series
Azp 0 - 9 12.1 57.2 30.7 0.8 si.c.l.
Bjg 9 - 2 8 2.6 55.2 42.2 1.05'< si.c.l.
Cgl 28 - 46 6.4 51.6 42.0 1.4 si.c.l.
Cg2 46 - 60 31.6 35.2 33.2 2.0 c.l.
2Cg3 60 - 100 95.3 2.7 2.0 0.8 s .
2Cg4 100 - 150 79.5 12.0 8.5 0.1 l.s.
.egend: si.c.l. = silty clay loam si.c. = silty clay
s . 1. = sandy'loam I.s. = loamy sand
c.l. = clay loam s. = sand
P = profile
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Table 2. Selected chemical characteristics of the mangrove
soils (Pogolong region).
Soricoa Depth Drj leuoo Vet leuos ESP
( « I --------------------------------------------------
Salfar EC Fie. PH Ox. PH Sulfur EC Fie. ?8 Ox. PH
(X) (S/ml (X) (S/ij
PI K i n d i a d i  s e r i e s  
i {  0 - 7  O.S 2 .0  5 .0  3.5 0 .7  1.0 5 5 5 .2  12.8
C f l 7 -  23 3 .7  1.7 5 .9  3 .0  3 .0  1.3 5 .5  3 .5  5 .3 .
C(2 23 -  44 3 .8  1.5 5 .9  2 .7  3 .9  2.7 5.9 3 .4  4 .7
C(3 44 -  SO 4 .7  1 .5  5 .9  2 .7  3 .8  2 .7  5.9 3 .3  5 .9
C(4 50 -  100 2 .1  1 .7  5 .9  3 .2  4.1  1.3 5.9 3.4  5 .0
0(5. n o  -  150 4 .4  1.5 5 .8  3 .1  4 .1  1.9 5 .0  3.4  12.7
P2 D e n t e m a  s e r i e s  
ip  0 -  7 0 .5  1.5 4 .5  2 .9  0 .7  1.5 5.0  4 .4  12.4
7 -  18 0 .8  1 .3  5 .1  3.3 0 .5  1.5 5.0 4 .0  15.0
C (I 15 -  50 1 .9  1.9 5 .7  3.2  3 .0  2 .0  5.5 3.5  12.3
C{2 50 -  75 3 .0  1.5 5 .1  2.9  3 .5  2 .2  5 5 3.3  7 .5
C(3 75 -  100 5 .0  1.9 5 .3  3 .2  3 .3  1.7 5 .7  3.5  9 .8
0(4 100 -  ISO 3 .4  1.9 5 .4  3 .2  3 .3  2.5 5.9 3.5  8 .5
p j P o g o l o n  s e r i e s  
Ap 0 -  13 0 .3  0.5  4 .2  3.3 0.3 0.5 5.9 5.5  13.1
it 13 -  32 0 .2  0.3  4 .3  3 .0  0 .5  0.5 5.0 3 .2  1.3
B t(I  32 -  58 0 .4  0.2  5 .5 3.1 0 .7  0.3 5.4 3.1 1 .7
B t(2  58 -  100 0 .3  O.I 5 .7  3 .2  0.4 0.3 5.2 3.5  1.0
0 ( 100 -  150 0 .2  O.I 5 .9  3.1 0.4 0.5 5.3 3.5  1.1
D o n i a  s e r i e s
i r ?  0 -  9 0 .1  4 .2  4 .5 4.3  0.1 0.4 5.6 5.1 5.5
B j(  9 -  28 0 .1  1.5 4 .9  4.5  0 .2  0.9 5.3 5 .0  27.0
Cgl 28 -  45 0 .2  2.1 4 .5  4.5 O .i 1.5 5.1 4.5  34.4
C(2 45 -  50 1 .5  1.8  3 .5  2.5  1.3  1.2 4.7 3.4  11.2
20(3 50 -  100 0 .7  0 .7  3 .8  2.5  1.1 1.7 4.8 3.3 1 .3
20(4 100 -  ISO 0 .2  0.4 3 .3  2 .9  0 .1  0.7 4.7 3 .7  2 .0
L egea d :  P = p r o f i l e
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Table 3. Selected physical characteristics of the mangrove
(Monchon region).
Horisen Depth Sand Silt Clay a valu» T#%.clama
(cm)
P5 Dentema series
A< 0 . 13 0.8 56.1 43.1 1.8 si.c.
Cgl 13 - 34 0.8 52.2 46.8 2.0 ale.
Cg2 34 65 0.4 53.1 46.5 2.2 si.c.
Cg3 65 - 100 0.4 57.0 42.6 2.4 ale.
Cg4 130 - 150 0.8 50.7 48.5 2.2 al.e.
. P6 Mintani series
Ap 0 23 1.1 81.1 47.8 0.1 ale.
Aamq 23 . 40 1.0 50.4 48.6 0.4 al.e.
•Cgl 40 67 3.5 51.4 45.1 0.7 al.e. -
Cg2 67 - 100 6.8 44.5 46.8 0.7 al.e.
2Cg3 100 - 150 10.3 46.8 42.8 1.1 al.e.
P7
Ap 0 . 14 1.2 87.8 41.3 0.1 al.e.
Aaap 14 32 1.3 82.8 46.3 0.4 al.e.
Baa 32 55 0.8 82.7 46.8 0.8 al.e.
Byg 85 110 0.4 80.8 48.1 0.7 al.e.
Cyg 110 - 150 0.4 83.8 46.7 0.8 al.e.
M  Madina series
Ap 0 • 10 17.5 34.8 47.6 0.2 e.
Bg 10 . 25 40.8 37.0 33.1 0.4 1.
2Bjg 25 . 50 11.1 28.0 18.8 0.4 1.
2Bog 80 65 44.6 28.8 36.8 0.8 c.l.
2Byg 65 80 46.2 33.2 30.6 1.1 1.
Cyg to - 150 85.7 27.1 17.3 1.3 a.i.
P8 Gambian series
Ap 0 16 8.8 81.8 38.3 0.1 al.e.l.
Bg 16 32 4.2 60.8 38.3 0.1 al.e.l.
Baag 32 84 2.0 88.8 38.4 0.2 al.e.l.
Baayg 84 . 87 2.1 84.8 43.4 0.8 al.e.
Cgl 77 « 105 0.8 86.7 43.8 1.1 al.e.
Cg2 105 . 150 5.7 86.7 41.8 1.0 al«e.
2Cg3 150* 38.5 33.7 37.8 1.1 e.l.
PIO Gambian series
Apl 0 16 8.8 83.2 38.0 0.2 al.e.l.
Ap2 16 28 3.0 83.2 43.8 0.4 al.e.
Baag 28 . 45 2.7 84.3 43.0 0.4 al.e.
Baayg 45 70 1.6 55.8 42.8 0.6 al.e.
Cyg 70 • 88 1.4 53.0 45.6 0.8 al.e.
Cgl 88 • 107 3.0 84.1 42.8 1.0 al.e.
Cg2 107 . 128 30.2 37.8 33.3 1.1 e.l.
Cg3 138 - 160 11.8 80.8 37 8 0.8 al.e.l.
L * (* n d : •  i . e . l .  » m ilty  c U y  l o * *  « I . e .
s . l .  ■ m*ndy l o * *  1*
c . l .  » c la y  loam c .
P ■ p r o f i l a
> s i l t y  c la y  
a loam 
« c la y
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Table 4. Selected chemical characteristics of the mangrove
soils (Monchon region).
lo r is a t I t f tk  I t j  i t t u t  CP
(e»J ——————————— — — — — — — —— — ——
î t l î i r  C  P it. n  Oi. n  S ilf tr  c  P it. PI Hi. PI 
(II (I/ml _  (II _  (S^l
y; D e n t e m a  s e r i e s  
O.I I . t  {.( I . t  2 )0
O.I 2.) I.T I.T 21.2. 
0 5 : . !  I 1 5.4 21.2
0 1 2.T T.l T.2 IT.I
O.I 2.5 T.2 T.: 21.1
M i n t a n i  s e r i e s  
0.1 1.0 5.) 5.2 22.T
0.1 1.0 1.4 I.T 21.0
0.1 I . l  1.4 1.4 21.0
0.1 1.1 I I  5.2 I I I
0.1 I . l  I . l  1.4 1.5
P! M i n t a n i  s e r i e s  
0.1 0.1 1.0 5.2 2.1
0.1 0.1 1.4 5.1 2.4
0.1 0.1 1.4 5 .) 12.2
0.1 0.2 1.4 1.2 I I I
0.1 1.5 1.5 1.5 I I I
PI M a d i n a  s e r i e s  
0.1 O.I 5.T 5.2 T.2
0.1 0.2 5.) 4.) ! . )
0.1 0.2 I.T 5.1 11.4
0.1 0.1 I I  5.T I I
0.1 0 2 T.2 I . l  I.T
0.0 0.2 T.2 1.2 T.2
M C a m b l a n  s e r i e s
i t 0 -  12 0.1 2.1 I . l 5.1c n 12 -  24 1.4 2.T I . l 4.4
ei2 24 -  IS 1 1 2 0 I I 2 1
Cl2 15 •  100 0 1 2.1 I.T I I
Cl4 100 •  150 O.I 2.2 T.2 T.O
■ ip 1 -  22 0.1 1.1 I . l I.O
l » t 2 2 -4 0 e.l l.e 1.2 4.1
C|1 40 -  IT 0.1 1.1 1.4 1.4
C|2 IT -  100 e.l 1.0 I . l T.l
2Cf2 100 -  ISO 0.1 1.2 T.l 1.2
ip 0 -  It 0.1 0.1 4.4 4.4
U l? 14 -  22 0.1 0.1 I . l 5.1
I ff 22 -  IS 0.1 0.4 1.2 1.4
ITI 55 -  110 e.l 0.5 1.5 1.5
CJI lie - ISO 0.2 O.I I . l I . l
ip 0 - 10 O.I 0.4 4.0 4.2
K 10 -  2S 0.1 0.2 4.5 4.2JBii 25 -  50 0.1 ■ 0.2 1.2 4.T
2So( 50 -  IS 0.1 0.2 I I 1.0
:i7t 15 -  10 0.1 0.4 1.0 1.2
:cTi 10 -  ISO 0.1 0.5 I I 1.2
I f 0 _ 11 0.1 I . l 4.1 4.4 0.1 0.1 I . l 4.1 1.0
If 11 . 22 0.1 I . l 4.T 4.1 I . l 0.1 1.2 5.2 2.1
I t t f 22 . 54 e.l e.l I . l 5.1 0.1 e.l 1.4 1.0 1.5
l i i f l 14 . TT O.I 1.2 I.T I . l 1.1 0.2 I . t I . l 1.1
Cfl TT . lOS 0.1 e.2 1.) 1.5 e.l O.I T.l I . l O.I
( | : 105 - ISO 0.1 0.2 1.) 1.5 0.1 0.5 T.l T.O 2.1
PIO C a m b l a n s e r i e s
ipi 0 _ 11 I . l 0.1 4.2 4.2 0.1 0.1 5.T 5.4 O.T
ip2 11 21 0.1 e.l 1.2 4.T e.l 0.1 5.1 1.2 I.T
l is f 21 . 4S 0.1 I . l I . l 1.0 I . l 0.1 5.1 5.T 1.1
i » n 45 .TO e.l 0.1 1.2 1.4 0.1 0.1 5.1 1.0 2.2
Cn TO _ IS I . l 1.2 I I 1.4 I . l I . l 1.2 1.2 4.1
Cfl I) _ lOT e.l 1.2 I I I.T 0.1 e.l 1.2 I . l 1.2
Cf2 IIT . 12) I . l I . l 1 I I . t 0.1 0.1 I . l I.T T .l
Cfl 12! - 110 e.l I . l I . l I . l I . l 0.1 I.T T.O ll.I
rzsssxsxs
U l t i l :  P t  o n f i l t
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Table 5. Selected physical characteristics of the mangrove
soils (Koba region).
Horisoa Depth Sand Silt Clay a value Tex.class(ca)
Pll Koba seriesAc 0 - 20 51.2 29.0 20.9 1.5 si.c.l.Be 20 - 45 49 6 25.3 26.1 1.9 si.c.l.Cfl 45 - 70 60.2 25.9 14.0 2.3 s.l.CC2 70 - 109 53.5 24.5 22.0 1.9 si.c.l.CC3 109 - 160 50.4 26.0 23.6 2.5 si.c.l.
• P12 Kitikata seriesAp 0 - 1 0 5.9 52.0 42.1 0.5 si.c.Bjgl 10- -24 3.7 52.• 43.5 1.4 si.c.BJgZ 24 - 46 12.5 47.1 40.4 1.5 si.c.
Cgl 46 - 71 1.2 55.4 43.4 1.9 si.c.Cg2 71 - 102 2 9 54.0 43.2 1.9 si.c.Cg3 102 - 132 2.3 56.3 41.4 2.0 si.c.Cg4 132 - 150 4.9 54.9 40.5 2.0 si.c.
PI3 Camblan series
Ap 0 - 1 0 11.7 53.9 34.7 0.3 si.c.l.
Beg 10 - 21 0.9 54.1 45.1 0.2 si.c.Besgl 21 - 36 0.1 57.9 42.0 0.3 si.c.Besg2 36 - 70 0.1 57.7 42.2 0.5 si.c.Beeg3 70 - 94 0.4 57.4 42.2 0.7 si.c.Besg4 94 - 121 0.4 57.0 42.9 0.7 si.c.
BesgS 121 - 150 0.5 57.2 42.3 0.9 si.c.
P14 Dentema seriesAep 0 - 1 7 1.9 56.6 41.9 0.1 si.c.
Bgl 37 - 33 0 6 59.9 39.7 1.0 si.c.l.Bg2 33 - 62 0.9 90.1 39.3 1.9 si.c.l.
Beg #2 - 100 0.9 90.9 39 5 2.1 si.c.l.
Cgl lOO - 126 0.9 92.1 37.3 2.0 si.c.l.Cg2 126 - 150 0.5 62.7 36.9 2.3 si.c.l.
P15 Taborea series
Ap 0 - 2 5 2.2 54.9 43.0 0.3 si.c.
Bg 25 - 42 0.5 59 5 41.0 0.4 si.c.Beg 42 - #0 2.7 56.4 40.9 0.7 si.c.
Bgl BO - 113 1.9 57.5 40.9 0.9 si.c.Bg2 113 - 159 11.2 47.4 41.4 1.2 si.c.
Wgeod: si .e.l. « ailtr cler le«a ei.c. • eilty eley 
e.l. • eeadr leem f ■ profile
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Table 6. Selected chemical characteristics of the mangrove
soils (Koba region).
lo rix e s Btptk
(e i)
tr j t m s i l e t  u t t o i ISP








. PI Oz. n
P ll K o b a  s e r i e s
K 0 • :o 0.1 1.2 1.4 5.3 0.1 0.1 1.2 1.0 34.1
I t ZD -  45 0.1 1.2 1 3 1.0 0.1 0.4 5.3 5.1 31.5
C|1 45 -  TO 0.1 1.2 5.5 4.5 O.T 0 3 I . l 5.4 42.1
C(2 TO • 10] O.I 1.3 I . l 1.5 1.0 2.1 I.T 1.0 32.1
C|3 103 • 150 2.1 1.4 I . l I . l 3.1 2.3 I . l 1.4 13.5
P12 K i t i k a t a s e r i e s
0 - 10 0.1 0 ] 3.1 3.5 0.3 0.5 4.4 3.1 5.4
10- -Z4 0.4 0.1 3.3 3.2 0 5 1.1 3.3 3.2 4.4
: j ( 2 24 • 4( 3.0 I . l 2.1 2.0 1.5 2.5 2.1 2.3 1.1
C(I 45 -  T1 4.1 2.0 2.1 2.1 4.2 2.1 3.2 3.0 2.2
C(Z ?1 -  102 4.0 2.2 5.1 3.4 2.2 2.5 4.0 3.3 5.3
C(3 102 -  132 2 ) 2.1 1.0 4.1 3.0 3.4 4.4 3.1 3.0
CM 132 - 150 1.5 2.5 I . l I . l 3.1 3.3 5.1 4.5 11.2
P13 'G a m b i a n s e r i e s
*? 0 - 10 0.1 0.1 4.1 4.5 0.1 0.1 5.4 5.2 5.1
Btr 15 - 21 0.1 0.1 4.5 4.3 0.1 0.1 5.0 4.3 1.1
iiiM 2! - 35 0.1 0.1 5.3 5.1 0.1 0.1 5.1 5.T 2.1
i s : ; ! 35 - TO 0.1 O.I 1.5 5.3 0.1 0.1 5.1 1 0 2.5
l t i ( 2 TO - )4 O.I O.I 15 1.4 O.I 0.1 1.3 5.2 1.5
li i (< !4 -  121 0.1 0.1 I . l 5.4 0.1 O.I 1.2 5.1 1.5
|5S(5 12: - 150 0.1 0.1 1.5 5.4 8.1 0.1 1.2 I . l 1.1
P14 D e n t e m a s e r i e s
It} 0 - IT O.I 0.2 4.4 4.3 8.1 0.1 5.4 5.0 10.1
1(1 17 -  33 e.l 0.4 4.0 4.0 0.1 t.2 4.5 4.3 13.4
1(2 33 • (2 0.2 O.I 3.3 3.1 8.2 8.5 4.1 4.0 21.0
l>( (2 -  100 0.4 1.1 4.3 3.3 0.3 1.0 4.1 3.1 22.3
C(1 lOO • 125 1.0 1.3 1.2 4.1 I.T 1.5 5 1 3.1 1T.2
C(2 125 -  150 1.1 2.T 1.0 I.T 1.1 1.3 5.3 5.5 23.3
- P15 T a b o r e a s e r i e s
ip 0 -  25 0.1 0.1 4.3 4.3 0.1 0.1 4.4 4.3 7.5
l( 25 • 42 0.1 I . l 4.3 4.3 0.0 0.1 4.4 4.3 3 3
lo( 42 •  to e.l 0.2 4.1 4.0 0.1 0.2 4.3 4.2 11.1
1(1 10 -  113 0.1 1.3 4.3 4.2 I . l 0.3 4.5 4.3 11.T
1(2 113 -  151 e.l e . l 5.1 4.1 e . l 0.4 5.T 5.1 21.1
te(e»d: P = frofili
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Ap N4; SY 6/8











Ap N3? 2.5YR 3/6 
Eg lOYS 6/3; 10Y2 3/2 
Btgi 5Y 5/1 
Btg; 5Y 5/1
Cg 5Y 6/1






I V  1 V  I
I V  I V  I
/ V / V /
/ / /
Azp 7.5YR 3/2; lOYR 3/2 
B)g N4; 2.5YR 6/6 
Cĝ  lOYR 5/2; 7.5YR 4/6 
egg H4
2Cgg lOYR 6/1
2Cĝ  lOYR 6/1
* Exchangeable sodium percentage.
S EC pH ESP*
9/kg S/m Field a.o. value
0.6 2.0 6.0 3.5 1.0 17.6
3.7 1.7 5.9 3.0 2.1 8.3
3.8 1.5 5.9 2.7 2.3 4.7
4.7 1.6 5.9 2.7 2.2 5.9
2.1 1.7 5.9 3.2 - 6.0
4.3 l.s 4.8 3.1 - 12.7
S EC PH ESP
9/k9 S/m Field a.o. value
0.6 1.6 4.6 2.9 1.3 12.4
0.8 1.3 5.1 3.3 1.6 16.0
1.9 1.9 5.7 3.2 2.0 9.5
3.0 1.7 6.1 2.9 2.2 7.7
5.0 1.9 6.3 3.2 - 9.8
3.4 1.9 6.4 3.2 - 7.8
S EC PH n- ESP
9/k9 S/m Field a.o. value
0.3 0.6 4.2 3.3 0.7 18.0
0.2 0.3 4.3 3.0 1.0 1.3
0.4 0.2 5.5 3.1 -0.2 1.7
0.3 0.1 5.7 3.2 0.1 1.1
0.2 0.1 5.9 3.1 -0.2 1.1
S EC , , ,PH n— ESP
9/kg S/m a.o. value
0.1 4.3 4.6 4.3 0.8 6.1
0.1 1.6 4.9 4.5 1.1 27.0
0.2 2.1 4.6 4.5 1.4 34 . C
1.6 1.8 3.6 2.6 2.0 11.2
1.7 0.7 3.8 2.6 0.8 1.4
0.2 0.4 3.3 2.9 0.1 2.0
Figure 2. Morphology and some physico-chemical properties 
of soils along the Guinea coast.
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• V • V •
I V I V I
Azp X/3; 7.5YR 4/4 
Baag 2.5Y 5/2? 2.5Y 6/6 
Cĝ  N/5? 2.5 6/6
0̂ 2 lOYR -/17 2.5YR 2.5/4











Ap N/4; SYR 4/6 
Bg N/4; 7.SYR 4/4 
2Bjg N/5; 2.SYR 3/4 
2Bog SY 6/1; lOYR 4/6
2Byg SCY S/l; lOYR 4/6
2Cyg SBC 4/1; lOYR 4/4






Ap N 3; 7.5YR 4/6 
Bg N 2/1; 7.5R 4/8 
Baag 2.5Y S/2; lOYR 6/6 
Baayg 2.5Y 6/2; lOYR 4/6
Cĝ  2.5Y 6/2; lOYR 4/6
Cg; 5Y S.l; lOYR 5/4












Ag SY 4/2; 7.SYR 3/4 
Bg SBC 5/1; SYR 3/4 
Cĝ  SB 4/1; 2.5YR 3/6
eg; SB 4/1; SCY 5/1
Cgg SB 4/1; N3
s EC pH ESP
9/kg S/m Field a.o.
0.1 1.1 5.0 S.O 0.1 33.7
0.1 1.0 5.2 4.8 0.4 31.0
0.1 1.1 6.4 6.4 0.7 28.0
0.1 1.0 6.6 7.1 0.7 15.6
0.1 1.2 7.0 7.2 1.1 6.S
s EC pH ESP9/kg S/m Field value
0.1 0.4 4.0 4.3 0.2 7.3
0.1 0.3 4.5 4.2 0.4 9.9
0.1 0.3 S3 4 .7 0.4 16.4
0.1 0.3 S.8 6.0 0.8 6.8
0.1 0.4 6.0 6.2 1.1 9.7
0.1 0.4 6.5 6.2 1.3 7.3
s EC pH ESP9/kg S/m Field a.o.
0.1 0.1 4.8 4.4 -0.1 1.0
0.1 0.1 4.7 4.9 -0.1 2.1
0.1 0.1 5.5 5.9 0.2 3.5
0.1 0.2 6.7 6.1 0.5 1.1
0.1 0.3 6.9 6.5 1.1 0.9
0.1 0.4 6.9 6.6 1.0 2.9
s EC pH ESP9/kg S/m Field a.o. value
0.1 1.2 6.4 5.9 1.5 34.6
0.1 1.2 6.3 6.0 1.9 36.5
0.1 1.2 5.5 4.5 2.3 42.1
0.1 1.3 6.5 6.5 1.6 32.1
2.8 1.4 6.8 6.8 2.5 19.5
Figure 2 (cont'd.)
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1 I 1 Ap H3; 7.5YH 5/6 0.1 0.9 3.6 3.5 0.5 5.4
+ 4. + Bjgi X3; 2.5Y 6/6 0.4 0.9 3.3 3.2 1.4 4.4
/ / / B392 M3; 2.5Y 6/6 3.0 1.6 2.1 2.0 1.5 1.6
/ / / <=9l 5BG 4/1; 2.SY 6, 4.1 2.0 2.8 2.6 1.9 2.2
/ / / cgj 5BC 4/1 4.0 2.2 5.6 3.4 1.9 5.9
/ / / <=93 5BC 4/1 2.9 2.6 6.0 4.8 2.0 9.0
/ / / C94 SB 4/1 1.7 2.6 6.6 6.1 2.0 11.2






















Bgg K4; 2.5YR 6/6
Legend; / unripe, ° structureless, | subangular blocky, V 
cracks, • massive, - blocky rock structure, x granular, + 
partially ripe, ° coarse prismatic, a slickensides
Figure 2 (cont'd.)
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morphology and chemical characteristics that were used to 
classify the soils.
1. The Kindiadi soil is composed of clayey materials 
with a gleyed material ;’ithin 7 cm of the surface 
that extends throughout the profile. The gley 
horizon underlies an ochric epipedon and is 
composed of a dark gray (N4) to dark greenish gray 
(5BG 4/1) sulfur rich (1.5 g/kg) clay materials.
It has a field pH of 5.9 and exhibits very little 
alteration. A sample from this material showed a 
pH (measured in 1:1 by weight in water) drop to
3.5 or less after they were slowly air-dried. The 
soil is saline (average EC 1.25 Sm*̂ ), unripe (n- 
values>1.0) sticky and non-sodic (ESP<12 
throughout the profile). This soil classifies as 
Typic Sulfaquents. Soil Taxonomy recognizes Typic 
Sulfaquents with sulfidic materials within 50 cm 
of the mineral soil surface with neither histic 
epipedon nor overlying sulfuric horizon (Soil 
Survey Staff, 1992).
2. The Dentema soil is a weakly developed soil that 
has (but not always) a Bg horizon lying between an 
ochric epipedon and a Cg horizon. Bg or Cg 
horizon is composed of a dark greenish gray (5BG 
4/2), unripe (n>1.3), sulfur rich (up to 5 g/kg) 
clay with many prominent yellow jarosite mottles
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(5Y 7/6) and olive yellow (5Y 6/8) mottles. Field 
pH varies from 4.6 to 7.3 throughout the profile. 
It drops to 3.9 or less upon oxidation. This soil 
is saline (EC 1.65 Sm"̂ ) and sodir (ESP>35 in at 
least one horizon within the control suction).
This series classifies as Typic Sulfaquents (Soil 
Survey Staff, 1992). We suggest this soil be 
classified as Sodic Sulfaquents.
3. The Pogolon soil is distinguished by the presence 
of an Eg horizon underlying an ochric epipedon. 
This horizon is dominated by a pale brown (lOYR 
6/3), water saturated (n>0.7 in the upper horizon) 
loamy coarse sand. The underlying Btg horizon has 
a relatively finer texture (sandy clay loam) with 
a gray color (5Y 5/1) and is moderately compacted. 
This soil has relatively low S content (<0.4 
g/kg). The field pH varies between 4.2 to 5.9 
throughout the profile, which drops to 3.3 or less 
upon oxidation. It is slightly saline (average EC
0.35 Sm"̂ ) and non-sodic (ESP<1.7 within the 
control section). The sand content averages 80 
g/kg and extends from the surface throughout the 
profile. This soil classifies as Typic 
Sulfaquents (Soil Survey Staff, 1992). We propose 
this soil be classified as Psammentic Sulfaquents.
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
2 5
4. The Doniah soil is characterized by a lithlogical 
discontinuity as noted by the contrasting texture. 
The soil is cracked at the surface and the cracks 
extend to the underlaying Bjg horizon. This soil 
does not exhibit slickensides. The material along 
the cracks are oxidized brown (7.5YR 4/4) and 
olive yellow (2.5YR 6/6) jarosite mottles, and 
dark red (2.SYR 3/6) matrix mottles. This soil is 
characterized by similar chemical properties as 
the Pogolon soil, but has a higher ESP (35 g/kg). 
This soil is classified as Typic Sulfaquents (Soil 
Survey Staff, 1992). As for the Dentema soil, we 
suggest this soil be classified as Sodic 
Sulfaquents.
5. The Mintany soil has a Bssg horizon, with high 
clay content (>41 g/kg) lying between an ochric 
epipedon and a gley horizon at a depth between 23- 
40 cm. This horizon is distinguished by the 
presence of common weak pressure faces and 
slickensides, grayish brown (2.5Y 5/2) clay with 
olive yellow (2.5Y 6/6), and prominent reddish 
brown (5YR 4/4) mottles. The soil is cracked and 
the cracks extend to 67 cm from the soil surface. 
They are 2-10 cm wide at the surface and less than 
5 mm at 50 cm depth. Iron stains along root 
channels extend to 1 m depth. This soil has very
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low sulfur content (<0.08 g/kg), and n values 
varying from 0.01 to 0.7 from the surface to 100 
cm depth. It is sodic (ESP = 33% in the Bssg 
horizon). Field pH in this soil ranges between
4.4 and 7.2 throughout the profile. No 
significant decrease in pH values (<0.4 unit) was 
observed upon oxidation. The soil is saline (EC 
1.25 Sm"̂ ). This soil can be classified as Typic 
Endoaquerts (Soil Survey Staff, 1992). We suggest 
this soil be classified as Sodic Endoaquerts.
6. The Madina soil is contrast to Mintany soil is 
friable, does not crack, is not saline (EC<0.1 
Sm"^), and has higher sand fraction (45%). This 
soil can be correlated with non-acid Typic 
Endoaquepts. We propose to classify it as non­
acid Sodic Endoaquepts.
7. The Gambian soil is characterized by modest 
salinity (EC 0.1-0.25 Sm‘‘) and an ESP on average 
<10 in the control section. This soil is 
classified as Typic Endoaquerts (Soil Survey 
Staff, 1992).
8. The Koba soil shares similar morphological and 
chemical properties as well as n-values with the 
Kindiadi soil. The only difference is the absence 
of a sulfidic material in the Koba soil. The Koba 
soil can be classified as non-acid Typic
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Hydraquents. Aquents with n-value>0.7 that lack 
sulfidic material within 50 cm from the surface 
are recognized by Soil Taxonomy as Typic 
Hydraquents (Fanning and Witty, 1992).
9. The Kitikata soil is distinguished by the presence 
of a Bjg horizon underlying an ochric epipedon.
It is characterized by the presence of a very dark 
unripe gray (N3) clay with many coarse and medium 
prominent olive yellow (2.5Y 6/6) jarosite mottles 
in the matrix and along cracks. The soil material 
adjacent to the cracks extending 3 to 5 mm into 
the matrix is strong brown (7.5YR 5/6). This soil 
is ultra acid. Field pH ranges between 3.6 to 2.1 
from the surface to 71 cm depth and from 5.6 to
6.6 between 71 and 150 cm. Upon oxidation, these 
values decreased to 3.5 or less throughout the 
profile except in the two last horizons between 
102-150 cm. This soil is very saline (EC
2.05 Sm"̂ ). It can be classified as Typic 
Hydraquentic Sulfaquept (Soil Survey Staff, 1992).
10. The Taborea soil is distinguished by a relatively 
high alteration level (predominance of yellow- 
reddish brown color) in all the subhorizons. 
Alteration is especially more conspicuous in the 
Bog horizon underlying an Eg horizon. This 
horizon is gray (5Y 6/1) and dark red (7.5R 3/8),
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ripe (n-value between 0.3 and 0.7 from the surface 
to 80 cm depth) clay with prominent yellowish 
brown (lOYR 5/8) mottles. It is characterized by 
a uniform field pH (4.0-4.3) throughout the 
profile that does not vary upon oxidation. It is 
slightly saline (average EC 0.25 Sm"̂ ) with an ESP 
of 15 between 80 and 113 cm depth. It has a low 
sulfur content (<0.09 g/kg). This soil can be 
classified as Typic Endoaquepts. We suggest this 
soil be classified as Sodic Endoaquepts.
Particle size data provided in Table 7 show that the 
texture of most of the soils is silty clay with more than 35 
g/kg of clay throughout the profile (fine texture). Those 
soils near the sandy cheniers along the littoral as well as 
the others at higher elevation along the estuary (the 
Pogolon and Doniah series) are loam and/or loamy sand (fine 
loamy or sandy texture). Data on mineralogical compositions 
attest that the soils are Kaolinitic (Kaolinite percentage 
>70) in mixture with variable amounts of mica and smectite, 
totalling 30 g/kg or less. Quartz was found in the Pogolon 
and Koba series (Fig. 3).
The summary of the basic characterization process used 
to classify different soil series and the resulting soil 
families and soil groups are provided in Table 8.
Results show that the mangrove soils of the Pogolon 
region contain appreciable amounts of oxidizable sulfur
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Table 7. Particle size distribution analysis of the 
mangrove paddy soils of Guinea.
Horizon Depth
(cm)
Sand Silt Clay Tex.class
Kindiadi series
Ag 0 - 7 1.8 52.1 46.1 si.c.
Cgl 7 - 23 7.0 53.4 39.6 si.c.l.
Cg2 23 - 44 4.5 53.8 41.7 si.c.
Cg3 44 - 60 2.7 53.8 43.5 si.c.
Cg4 60 - 100 2.9 56.3 40.8 si.c.
Cg5 100 — 150 2.7 55.4 41.9 si.c.
Dentema series
Ag 0 - 13 0.8 56.1 43.1 si.c.
Cgl 13 - 34 0.9 52.2 46.9 si.c.
Cg2 34 - 65 0.4 53.1 46.5 si.c.
Cg3 65 - 100 0.4 57.0 42.6 si.c.
Cg4 100 — 150 0.8 50.7 48.5 si.c.
Pogolon series
Ap 0 - 13 62.2 21.9 15.9 s.l.
Eg 13 - 32 87.5 7.2 5.3 l.s.
Btgl 32 - 58 79.9 12.3 7.8 l.s.
Btg2 58 - 100 81.3 10.4 8.3 l.s.
Cg 100 — 150 85.7 9.6 4.7 l.s.
Doniah series
Azp 0 - 9 12.1 57.2 30.7 si.c.l.
Bjg 9 - 28 2.6 55.2 42.2 si.c.l.
Cgl 28 - 46 6.4 51.6 42.0 si.c.l.
Cg2 46 - 60 31.6 35.2 33.2 c.l.
2Cg3 60 - 100 95.3 2.7 2.0 s .
2Cg4 100 - 150 79.5 12.0 8.5 l.s.
Mintany series
Ap 0 - 23 1.1 51.1 47.8 si.c
Bssq 23 - 40 1.0 50.4 48.6 si.c
Cgl 40 - 67 3.5 51.4 45.1 s i . c
Cg2 67 - 100 6.9 44.5 46.9 s i . c
2Cg3 100 - 150 10.3 46.9 42.8 s i . c





Sand Silt Clay Tex.class
Madina series
Ap 0 - 10 17.5 34.9 47.6 c.
Bg 10 - 25 40.9 37.0 22.1 1.
2Bjg 25 - 50 51.1 29.0 19.9 1.
2Bog 50 - 65 44.6 28.5 26.9 c.l.
2Byg 65 - 90 46.2 33.2 20.6 1.
2Cyg 90 - 150 55.7 27.1 17.2 s.l.
Gambian series
Ap 0 - 16 8.8 51.9 39.3 si.c.l.
Bg 16 — 32 4.2 60.5 35.3 si.c.l.
Bssg 32 - 54 2.0 58.6 39.4 si.c.l.
Bssyg 54 - 77 2.1 54.5 43.4 si.c.
Cgl 77 - 105 0.5 56.7 42.8 si.c.
Cg2 105 - 150 5.7 56.7 41.9 si.c.
2Cg3 150+ 38.5 33.7 27.8 c.l.
Koba series
Ag 0 - 20 51.2 28.0 20.8 si.c.l.
Bg 20 - 45 48.6 25.3 26.1 si.c.l.
Cgl 45 - 70 60.2 25.8 14.0 s.l.
Cg2 70 - 109 53.5 24.5 22.0 si.c.l.
Cg3 109 - 150 50.4 26.0 23.6 si.c.l.
Kitikata series
Ap 0 - 10 5.9 52.0 42.1 si.c.
Bjgl 10- -•24 3.7 52.8 43.5 si.c.
Bjg2 24 - 46 12.5 47.1 40.4 si.c.
Cgl 46 - 71 1.2 55.4 43.4 si.c.
Cg2 71 - 102 2.8 54.0 43.2 si .c.
Cg3 102 - 132 2.3 56.3 41.4 si.c.
Cg4 132 - 150 4.9 54.6 40.5 si.c.
Taborea series
Ap 0 - 25 2.2 54.8 43.0 si.c.
Eg 25 - 42 0.5 58.5 41.0 si c.
Bog 42 - 80 2.7 56.4 40.9 si .c.
Bgl 80 - 113 1.9 57.5 40.6 si.c.
Bg2 113 - 158 11.2 47.4 41.4 si.c.
Legend: si.c.]. = silty clay loam 1 loam
si .c. = silty clay s = sand
s.l. = sandy loam c - clay
l.s. = loamy sand c .1. = clay loam
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Figure 3. Mineralogical composition of the mangrove soils 
of Guinea-
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Table 8- Characteristics and classification of the mangrove
paddy soils of Guinea.
Firttetert Soil leriet
liiditdi Beoteia Fofoloo Boaiah liataaj ladiaa Cublaa loba litibata Taborea
Salfirie bor'eoo aitbii 
50 Cl of tbe aoil tarface
Sslfidic uterial «itbia 
a depth of 150 ei
D-Talnet > O.T 
< O.T
Saad I > 5 0  •
Clap S > I at a depth 
betieea 20 aad 50 ca
Clap I ) 55
ISP > 15 ia at leait oae 
asb'horiioa aitbia tbe 
coatrol aectioa
Claiaificatioi








Le|ead: ♦ —  poiitiee affiraatioa (peal
1 —  fiae, haoliaitic, iiobppertbenic, Tppic Salfagaeata
2 "  fiae, haoliaitic, iiobppertbenic, Tppic* Salfagueati
3 —  laadp, haoliaitic, iiobppertbenic, Tppic* Selfaqaeit:
4 '* clapep oaer uadp, haoliaitic, iiobppertbenic, Tppic* Solfagaeati
5 —  fiae, haoliaitic, iiobppertbenic, Tppic* ladoaqoerti
t —  file loup, haoliaitic, iiobppertbenic, loaacid, Tppic* ladoagiepti 
T *■ file, haoliaitic, iiobppertbenic, Tppic ladoa^ierta 
I —  fiae loaap, haoliaitic, iiobppertbenic, soaacid, Tppic Xpdraqaeati 
5 "  fiae, haoliaitic, iiobppertbenic, Ipdragweatic Salfagaepta
10 —  file, haoliaitic, iiobppertberaic, acid, Tppic* ladoa^aepti 
1 “  fiae, haoliaitic, iiobppertbenic, Sodic Salfaqieiti
11 "  laadp, haoliaitic, iiobppertbenic, Paaueatic Sslfaqaeati
III —  clapep over aaadp, haoliaitic, iaobjpertbenic, Sodic Silfaqaeiti 
IT —  fiae, haoliaitic, iiobppertbenic, Sodic ladoaqaerta 
I —  file loup, haoliaitic, iiobppertbenic, loaacid, Sodic tadoaqiepti 
TI —  file, haoliaitic, iiobppertbenic, acid, Sodic ladoaqicpta 
litbia tbe le|ead Tppic* : teniiolo|p that ii ia|(eited to be replaced
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compounds (sulfidic material) within 50 cm at the surface. 
These soils are upper-estuary mangrove soils (50 km inland 
from the littoral), occupying narrow flood plains lying 
between extensions of upland plateaux. They are submerged 
daily by saltwater at high tides during the dry season and 
flooded by fresh/brackish water during the wet season. They 
contain appreciable amounts of clayey racemosa peat and 
racemosa peaty clay, especially in the upper horizons. 
Racemosa peat is derived from Rhizophora mangrove (Rhizophora 
raceaosa) that is the primary vegetation. The clay component 
is from fluatile reworking of estuarine deposits. These 
conditions are essential to the accumulation of a sulfidic 
material that is abundant in these soils. There are some 
relationships between specific mangrove species and sulfide 
levels in the clayey sediments. Tomlinson (1957) found that 
soils presently or formerly under Rhizophora racenosa develop 
much acidity on drainage, whereas those under .4viceni2 do 
not. He attributed this to differences in the rooting 
systems of the species. Stilt roots of Rhizophora are 
covered by a tremendous number of root hairs that are the 
major source of the peaty material. Once the mangrove is 
cleared, stilt root materials die out, become soft, and 
remain in the soil at varying stages of decomposition as 
long as the soil is waterlogged. This fibrous material was 
very abundant in the Pogolon region and in some other areas 
in Koba (Kitikata soil) and Monchon (virgin mangrove). It
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is easily identifiable by its soft and fibrous nature and 
its reddish brown color.
By contrast, Avicenia nitida produces a shallow 
widespread root system, wich small pneumataphores protruding 
from the surface. In West Africa, soils under this species 
are not usually fibrous unless previously covered with 
Rhizophora (Bloomfield and Coulter, 1973). Laboratory 
analysis showed that the fibrous material has a high sulfur 
content (up to 5 g/kg), the eventual oxidation of which 
results in a decrease of pH to below 4.0. This 
characteristic was observed in these soils of the Pogolon 
region. Also, the marine or brackish nature of the flood 
water has been reported as a key factor to the occurrence of 
potential acid sulfate soils (Attanandana and Vacharotayan, 
1986; Pons and van Breemen, 1982).
The mangrove soils of the Monchon, on the other hand, 
are littoral mangrove soils. They have developed heavy 
marine clay with coquineous sandy lenses in the subsoil.
They are crossed by many sandy cheniers that, are parallel to 
the coastline. The evolution of these cheniers created the 
best conditions for the development of Avicenia nitida.
Because of its relatively weak root system, this mangrove 
species needs protection from strong tidal wave action. In 
the coastal plains of Monchon, it flourished in wide, 
shallow sea beds between sandy cheniers that served as a 
protection barrier. This species is reported to be the
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primary colonizer mangrove in this region (Sow, direct 
communication). As mentioned earlier, this species is not 
the source of the sulfidic material. This is why most of 
the soils in this region (even those drained six months 
before our investigatioh) are neither potential nor actual 
acid sulfate soils.
Another potential cause of the relatively low acidity 
characterizing these soils is the presence of an underlying 
coquineous material that may have reacted with sulfuric 
acid, resulting from oxidation of the sulfidic material, if 
there was any, to form gypsum. Three major soil types have 
developed: Typic Endoaquerts, Typic Endoaquepts, and Typic
Sulfaquents. This is due to the reclamation/management 
pattern over time.
Mangrove soils on Monchon plains are dominantly Typic 
Hydraquents or Typic Sulfaquents in their virgin state. 
Drainage and permanent protection from saltwater intrusion 
for rice production in the wet season has drastically 
changed the soil hydrology. The new water regime is 
characterized by an annual wet-dry monsoon type climate. 
Drainage and soil ripening has led to the development of the 
vertic properties characterizing most of the soils on the 
Monchon plains. The single most common feature in the 
Vertisol environment is a seasonal drying of the soil 
profile (Buol et al., 1980). These Vertisols classify as 
Endoaquerts. They are found in relatively old drained areas
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and some of the newly drained ones near the cheniers. The 
soils in the other newly drained areas were recognized as 
Typic Endoaquepts that are distinguished by their relatively 
higher wetness. Moreover, the Dentema soil was the only 
soil containing a sulfidic material in the Monchon region. 
This soil is lying in the tidal front between a sandy 
chenier and the open sea within reach of tidal waves. 
Rhizophora may be the primary vegetation in this area and 
permanent salt/brackish water submergence may prevent the 
underlying sulfidic material from oxidation.
Most of the soils in the Pogolon and some in the 
Monchon regions are characterized by a high sodium 
saturation (ESP>15) in at least one horizon within the 
control section (between 25 and 100 cm). Similarly, few of 
them, especially those near sandy cheniers, have more than 
60% of sand in most of the subhorizons. This high ESP is 
due to the evaporation that results in a lowering of the 
water table during the dry season. We assume that an ESP > 
15 as well as 60% of sand in most of the subhorizons are too 
high to ignore in classifying soils, especially in a 
detailed soil survey. Soil Taxonomy (1992) provides three 
subgroups of Sulfaquents (Haplic, Histic, and Typic). In 
this study, we suggest that Sulfaquents with an ESP >15 in 
at least one horizon within the control section be 
classified as Sodic Sulfaquents and that those with 55% or
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more of sand in all the subhorizons as Psammentic 
Sulfaquents.
The mangrove soils in the Koba region are evolving 
behind a sandy chenier backed onto sandy foreshore. They 
are littoral-riverain tidal swamp. The plains were 
originally mud flats settled under Avicenia nitida mangrove, 
much like in the Monchon region. However, this area was 
subjected to active creeks cutting into the littoral tidal 
swamp in the west part of the plain. This creek cutting 
resulted in the formation of a small river (Kitikata River) 
that crosses the plains in the center and extends far 
towards the eastern side of the plains, parallel to the 
coastline. Due to a strong wave energy of the seawater 
flowing through this river during high tide, the primary 
Avicenia mangrove was invaded and replaced by Rhizophora 
species. Figure 4 shows a remaining invading Riiizopbora 
tree. This Rhizophora invasion contributed to the 
development of appreciable sulfidic material in the soil.
For these reasons, we assume that the mangrove soils in the 
Koba region were Typic Sulfaquents in their initial state.
Land reelamation/management has induced the development 
of various soil types. In the Gambian area, soils have been 
drained and protected from seawater intrusion since 1950. 
Typic Endoaquerts have developed due to the same climatic 
conditions described for the Monchon region. No calcareous 
materials were found in the subsoil in the Koba plains. In
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addition to the vertic characteristic, the soil profile in 
this area was distinguished by the lowest sulfur content, 
and the lowest electrical conductivity observed in the 
study. This attests that a four-decade oxidation period 
with natural flushing/leaching of salts and acid products 
and continuous paddy rice production during the wet season 
was sufficient to achieve maximum oxidation of the previous 
underlying sulfidic material and removal of the oxidation 
product. The lowest EC value of 0.045 Sm‘̂ shows that a 
high salinity that usually develops as a result of draining 
has been completely removed by flushing and/or leaching.
In the sectors that were irrigated with fresh water 
during dry season sugar cane production (1959 to 1980), 
Inceptisols (acid, Typic Endoaquepts) have developed at 
higher laying areas (4 m above mean sea level). In the 
lower area (2-3 m above mean sea level), the soils are still 
Typic Sulfaquents. This is due to the differences in water 
table level. The higher lying soils are better drained and 
have a lower water table. For these reasons, a five-year- 
oxidation period has achieved maximum oxidation of the 
previous underlying sulfidic material and a pH rise to a 
uniform value of 4.2 throughout the profile.
The Kitikata soil (Typic Sulfaquepts) is under 
intensive reclamation/management. It has been permanently 
protected and drained for five months before the field 
investigation and dry season sampling. During this period,
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appreciable amounts of sulfidic material had oxidized to 
form a 35 cm-thick sulfuric horizon within 50 cm of the soil 
surface with abundant yellow jarosite mottles. A pH of 3.2 
or less was observed in most of the horizons. Sulfuric 
horizons have been reported to form as a result of drainage 
of soils with sulfidic materials (Fanning and Witty, 1992).
A tremendous amount of salt accumulated during the dry 
season due to the higher evaporation rate as a result of 
drainage. However, the soils in the virgin mangrove (the 
Koba soil) in this region were classified as Typic 
Hydraquents. Probably, Rhizophora invasion not reached this 
area.
Conclusion
In lower Guinea, rice is grown in two types of mangrove 
soils: estuary and littoral mangrove.
1. Estuary mangrove soils develop in abundance 
racemosa peat, a sulfur rich organic material derived from 
Rhizophora mangrove species (Rhizophora racemosa) . This 
material is the source of the potential sulfate acidity 
("sulfidic material") characterizing these soils (Pogolon 
region).
2. Littoral mangrove soils develop in mud flats 
settled under Avicenia mangrove species (.Avicenia nitida) 
between sandy cheniers or behind sandy strands. They are
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usually underlaid by coquineous (calcareous) materials and 
contain variable amounts of sulfidic material, depending on 
specific mangrove succession history in the area, local 
geomorphic processes, and microtopography.
Under traditional rice cultivation, these soils are 
subjected to daily saltwater submergence at high tides 
during the dry season and freshwater flooding during wet 
season.
These soils have been drained and permanently protected 
from seawater intrusion since the 1950s. This reclamation 
coupled with natural flushing/leaching of salts and acid 
products and continuous paddy rice production has promoted 
the development of various soil types. Soils developed in 
the higher lying and old drained areas classify as Typic 
Endoaquerts. The ones developed in the newly drained areas 
are recognized as Typic and/or acid Typic Endoaquepts.
Those presently undergoing intensive reclamation activities 
classify as Hydroquentic Sulfaquepts. The soils that are in 
rice production using traditional management and those 
evolving under virgin mangrove classify as Typic Sulfaquents 
or Typic Hydraquents.
However, some of the soils have properties that have 
been recognized for other subgroups. This includes soils 
with an exchangeable sodium saturation (ESP) >15% in the 
control section. A sodic subgroup is proposed for these 
soils. Soils near the sandy cheniers have more than 50% of
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sand in all the subhorizons. It is proposed that these 
soils be in a proposed "Psammentic" subgroup.
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CHAPTER II
FERTILITY CAPABILITY CLASSIFICATION OF MANGROVE 
RICE FIELDS IN THEIR RELATIONSHIP TO RICE MANAGEMENT 
IN THE REPUBLIC OF GUINEA
The preceding chapter was devoted to the classification 
of the mangrove soils of Guinea in the Soil Taxonomy (Soil 
Survey Staff, 1992). This classification was performed 
according to both their more permanent properties (which 
occur mainly in the subsoil) to serve as a solid basis for 
international communication and their specific properties to 
allow detailed and specific transfer of technology from one 
site to another.
Systems of soil classification must be able to address 
broad and basic relationships between soils. It is equally 
important that these systems be able to address factors that 
are important to soil use and management at the local level 
(Klaus et al., 1981). This flexibility is provided at the 
soil series level in Soil Taxonomy (Soil Survey Staff,
1975). However, most agronomists, especially in developing 
countries, are unfamiliar with Soil Taxonomy. In addition, 
most soil parameters affecting crop yields, particularly 
rice, are located in the topsoil. Thus, a more practical 
classification— fertility capability classification— of 
these soils relating them to their actual fertility
43
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constraints in close relationship to rice management is 
necessary.
General Background
Fertility capability classification (FCC) is a 
technical system that consists of grouping soils that have 
similar limitations and management problems in terms of the 
nutrition supply capacity of the soils (Lin, 1989). It is 
based on quantitative surface and subsurface horizon 
parameters directly relevant to plant growth (Sanchez and 
Buol, 1985). The system consists of three levels: (1) type
(topsoil texture), (2) substratum type (subsoil texture), 
and (3) certain other soil properties considered as 
condition modifiers or fertility constraints. Fifteen 
parameters have been listed in the FCC system for 
categorizing soils worldwide (Table 9). The FCC units are 
formed by the combination of the class designation from the 
three classification levels. The system helps agronomists 
easily understand information about the soil profile and its 
sample analysis. It appears to be a suitable framework for 
agronomic Soil Taxonomy, one which is acceptable to both 
pedologists and agronomists. However, the FCC system 
described in Table 9 is not crop specific (Lin, 1989).
Sample interpretation of FCC type and substrata type and 
condition modifiers for rice cultivation in aquic soil
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Table 9. The fertility capability classification (FCC) 
system.
Type (texture of plow-layer or surface 20 cm, whichever is 
shallower)
S = sandy topsoils: loamy sands and sands (by USDA
def .'^ition
L = loamy topsoils: <35% clay but not loamy sand or sand
C = clayey topsoils: >35% clay
O = organic soils: <20% O.M. to a depth of 50 cm or more
Substrata type (texture of subsoil)*
S = sandy subsoil: texture as in type
L = loamy subsoil: texture as in type
C = clayey subsoil: texture as in type
R = rock or other hard root-restricting layer
Modifiers^
g = (gley) = soil or mottles <2 chroma within 60 cm of the 
soil surface and below all Al horizons, or soil 
saturated with water for >60 days in most years 
d = (dry) = ustic, aridic, or xeric soil moisture regimes 
(subsoil dry >90 cumulative days per year within 20 to 
60 cm depth)
k = (low in reserves): <10% weatherable minerals in silt
and sand fraction within 50 cm of the soil surface, or 
exchangeable K <0.20 meq/100 g, or K <2% of Sbases; if 
bases <10 meq/100 g 
e = (low cation exchange capacity): applies only to plow
layer or surface 20 cm, whichever is shallower; CEC <4 
meq/100 g soil by Sbases + KCl-extractable Al 
(effective CEC), or CEC <7 meq/100 g soil by Ecations 
at pH 7, or CEC <10 meq/100 g soil by Ecations + Al + H 
at pH 8.2
a = (aluminum toxicity): >60% Al-saturation of the
effective CEC within 50 cm of the soil surface, or >
67% acidity saturation of CEC by Ecations at pH 7 
within 50 cm of the soil surface, or >86% acidity 
saturation of CEC by Ecations at pH 8.2 within 50 cm of
the soil surface, or pH <5.0 in 1:1 H^O within 50 cm,
except in organic soils where pH must be less than 4.7 
h = (acid) = 10-60% Al-saturation of the effective CEC
within 50 cm of soil surface, or pH in 1:1 H,0 between
5.0 and 6.0
b = (basic reaction): free CaCO, within 50 cm of soil
surface (effervescence with HCl), or pH >7.3
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Table 9 (cont'd.)
i = (high P-fixation by iron): %free Fe^Oz/i clay >0.15
and more than 35% clay; or hues of 7.5 YR or redder and 
granular structure. This modifier is used only in clay
(C) types; it applies only to plow-layer or surface 20 
cm of soil surface, whichever is shallower 
X = (X-ray amorphous): pH >10 in IN NaF$, or positive to
field NaF test, or other indirect evidences of 
allophance dominance in the clay fraction 
V = (vertisol); very sticky plastic clay: >35% clay and
>50% of 2:1 expanding clays, or severe topsoil 
shrinking and swelling 
s = (salinity): >4 mmho/cm of electrical conductivity of
saturated extract at 25°C within 1 m of the soil 
surface
n = (natric): >15% Na-saturation of CEC within 50 cm of
the soil surface 
c = (cat clay): pH in 1:1 H,0 is <3.5 after drying and
jarosite mottles with hues of 2.5 Y or yellower and 
chromas 6 or more are present within 60 cm of the soil 
surface
= (gravel): one prime (') denotes 15-35% gravel or
coarser (>2 mm) particles by volume to any type or 
substrata type texture (example: S'L = gravelly, sand
over loamy; SL' = sandy over gravelly loam); two prime 
marks (") denote more than 35% gravel or coarser 
particles (>2 mm) by volume in any type or substrata 
type (example: LC" = loamy over clayey skeletal, L'C"
= gravelly loam over clayey skeletal)
% = (slope): where it is desirable to show slope with the
FCC, the slope range percentage can be placed in 
parentheses after the last condition modifier (example: 
Sb (1-6%) = uniformly sandy soil, calcareous in 
reaction, 1-6% slope)
* Used only if there is a marked textural change from the 
surface, or if a hard root-restricting layer is 
encountered within 50 cm.
Where more than one criterion is listed for each 
modifier, only one must be met. The criterion listed 
is the most desirable and should be used if data are 
available. Subsequent criteria are presented for use 
where data are limited. 
t 10.7 is considered a better limit and the user should 
carefully titrate the NaF solution to pH 8.2 before 
use. The soils are classified by determining whether 
the characteristic is present or not. Most of the
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Table 9 (cont'd.)
quantitative limits are criteria present in Soil 
Taxonomy (Soil Survey Staff 1975). The FCC unit then 
lists the type and substrata type (if present) in 
capital letters, and the modifiers in lower case 
letters, the gravel modifier as a prime (') and the 
slope, if desired, in parentheses.
Source: Sanchez and Buol (1985).
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moisture regime, elaborated by Sanchez and Buol (1985), is 
provided in Tables 10 and 11, respectively. They reported 
that dry season, puddling difficulties, structure 
regeneration, and low bearing capacity of organic soils are 
the most extensive physical constraints to rice production 
in the natural wetlands of the world. They estimated that 
19% of these lands are affected by severe chemical 
constraints caused by salinity, strong acidity, low nutrient 
reserves, acid sulfate soils, calcareous soils, sodic soils, 
low cation exchange capacity, and gravel. Low pH, Al, Fe, 
and H,S toxicity, salt injuries, toxicity of organic acids, 
and carbon dioxide, phosphorous deficiency and a low general 
nutrient status are among the major adverse soil chemical 
parameters contributing to nutritional disorders of rice 
grown on an acid sulfate soil (Bloomfield and Coulter, 1973; 
Ponnamperuma et al., 1973; van Breemen and Pons, 1978).
A direct toxic effect of low pH (pH 3.5-4.0) on rice 
plants growing in both solution culture media and in field 
(acid sulfate soils) has been reported (Ponnamperuma et al., 
1973). But a soil pH within this range serves as an 
indirect source of more harmful reactions to rice: high Al
concentration in the soil solution. Literature about Al and 
Fe toxicity to several crops, especially to rice, is very 
abundant (Foy et al., 1978; Luo-Zhi-Chao, 1981;
Ponnamperuma, 1955; Prasittikhet, 1987). Alteration of root 
and cell division systems, disturbance of nutrient uptake
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Table 10. Sample interpretations of FCC type and substrata





High in infiltration, low watei-holding capacity, 
more difficult to do thorough pudallng; traffic 
pans infrequent; relatively easy to regenerate 
structure for rotation with other crops. Level of 
management (nutrients and water) required for high 
rice yields is higher than in L or C soils.
Medium infiltration, medium water-holding 
capacity, usually easy to puddle (except Lx), and 
medium difficulty in regenerating structure. 
Traffic pans important in these soils except for 
Lx. L soils are generally more productive for 
rice than S soils and less than C soils, provided 
condition modifiers are similar.
C: Low in infiltration rates, high water-holding 
capacity (except Ci), easy to puddle and difficult 
to regenerate previous structure (except Ci); 
traffic pans not common. Generally higher 
productivity for rice than L or S soils provided 




Deep organic or peat soils, with little to no 
potential for rice production.
Shallow organic soils with a mineral layer of 
less than 50-cm depth. Potential for rice 
production depends on depth and properties of 
mineral layer. Low bearing capacity; Cu, Mo, and 
K deficiencies common.
SL, SC: Somewhat better water-holding capacity and thus
better suitability for rice production than S 
soils.
Source: Sanchez and Buol (1985).




Sample interpretations of FCC condition modifiers 
for rice cultivation in aquic soil moisture 
regime.












Defines wetland soils. Preferred moistrre regime 
for rice cultivation.
Prolonged submergence causes Zn deficiency.
Topsoil moisture limited during dry season unless 
irrigated. Generally only one rain-fed rice crop 
can be grown a year. Irrigated rice during the 
dry season has higher yield potential and responds 
to higher N rates.
Low inherent fertility because of low reserves of 
weatherable minerals. Management levels higher 
than in soils without this modifier. Potential K 
deficiency depending on base contents of 
irrigation water.
Low ECEC reflects less gradual N release, more 
exacting N management. Identifies degraded paddy 
soils with SLa or LCa and low organic matter 
contents. If so, potential H^S toxicity can occur 
if (NH«)2S0« is used as N source. Potential Fe 
toxicity if adjacent uplands have Fe-rich soils. 
Aluminum toxicity will occur in aerobic layers. 
Soil text for identifying P deficiency 
recommended.
Optimum aerobic pH for flooded rice production. 
Potential P deficiency with continuous rice 
cropping.
High pH may induce Fe deficiency when aerobic and 
Zn deficiency when waterlogged. High N 
volatilization loss potential from broadcast N 
applications. NH/ fixation by 2:1 clays 
possible. Mollusk shells indicative of Zn 
deficiency.
High P fixation by Fe; P deficiency likely; Fe 
toxicity potential; soils difficult to puddle and 
will regenerate original structure rapidly. 
Interflow from Ci uplands may cause Fe toxicity to 
e soils with lower topographic position.
Volcanic materials indicate high inherent 
fertility with no potential Si deficiency; N and P 
deficiencies common and soil may fix large 
quantities of P; soils difficult to puddle and 
will regenerate original structure rapidly.
Soils will shrink and crack when dry, causing 
excessive percolation losses afterwards. Easy to 
puddle but difficult to regenerate structure. P 
deficiency suspect and should be determined by 
soil tests. Soils fix applied NH, and release it
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Table 11 (cont'd.)
later to the rice crop (a positive-attribute). 
Cracks, however, may not close after drying and 
subsequent flooding, increasing percolation and 
exacerbating N losses.
Sg= Defines saline soils. Drainage needed but must
consider conductivity of irrigation water.
n = Defines alkali soils. Reclaiming with drainage
and gypsum applications may be needed.
c = Acid-sulfate causing Fe and S toxicity when
anaerobic and Al toxicity when aerobic. Depth at 
which c modifier occurs determines feasibility of 
rice production. Strong P deficiency likely and 
Al toxicity when aerobic.
' = Presence of gravel limits land preparation and
water-holding capacity.
" = Skeletal soils with limited potential for rice
production.
% = The higher the % slope, the narrower the paddies
and the higher the rise between terraces.
* When only one modifier is included in the FCC unit, the 
above limitations or management requirements apply to 
the soil. Interpretations may differ when two or more 
modifiers are present simultaneously or when textural 
types are different.
Source: Sanchez and Buol (1985).
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processes— specifically Mg, P, Ca, and K, and "orange- 
yellowing" of leaves— are among the common symptoms due to 
Al toxicity (Foy et al., 1978). Al toxicity mechanism 
includes the precipitation of aluminum phosphate within the 
root (De Kock and Mitchell, 1957) and/or the precipitation 
of the insoluble aluminum phosphate in the soil outside the 
roots (Rorinson, 1972).
Various Al toxicity critical levels have been reported, 
depending on the overall nutrient status, aluminum phosphate 
interactions, and pH of a soil. A critical level of 15 
mg/kg of soluble Al at pH 4.0 was observed in the culture 
solution. With phosphorous amendment (30 mg/kg) at the same 
pH level, in the same culture solution, the critical level 
was observed only at a concentration of 61 mg/kg of soluble 
Al (Tanaka and Navasero, 1966). Aluminum toxicity in acid 
sulfate soils occurs at pH levels below 4.5-5.0 for 
seedlings, and 3.5-4.2 for older plants (Prasittikhet,
1987). In most acid sulfate soils, Al toxicity is harmful 
just after flooding and decreases as the pH increases (van 
Breemen and Pons, 1978).
Iron toxicity is also known to be a growth-limiting 
factor of rice, particularly in acid sulfate soil (van 
Breemen and Moormann, 1978). "Bronzing" and "yellowing" of 
the leaves are specific characteristics of iron toxicity. 
These symptoms may appear at any growth stage (Baba, 1958). 
Soluble iron is released from the microbial reduction of
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ferrie (Fê *) iron to ferrous (Fê *) in flooded conditions, 
especially at pH 5-7 and Eh between +150 and -100 mV in the 
presence of abundant organic matter. Sulfate ( 30̂ ' ) 
reduction to sulfide (Ŝ ‘) and to hydrogen sulfide (HjS) 
follows as the conditions become more reduced (between -150 
and -250 mV) (Connell and Patrick, 1968; Gotoh and Patrick, 
1974; Patrick, 1992; Patrick and Delaune, 1973; Turner and 
Patrick, 1968). Dissolved iron in excess of 3 00-400 mg/kg 
is toxic to rice (Ponnamperuma, 1955). The kinetics of iron 
reduction is a function of organic matter content. Very low 
organic matter content may result in a very slow or no iron 
reduction and vis-versa (Ottow, 1981; Patrick, direct 
communication).
Sulfide inhibits respiration and oxidation within rice 
roots, hence retarding the uptake of various nutrients and 
causing poor growth (Vamos, 1967). When an acid sulfate 
soil is allowed to be reduced too long before rice is grown, 
the young seedlings may die due to HjS toxicity (Brinkman 
and Pons, 1973). However, Ĥ S may react with soluble iron 
(if present) to form pyrite (Fê S) ; this will result in 
decreasing H,S toxicity. Sulfide formation is reported to 
be dependent on pH. A pH range between 6.5 to 8.5 is most 
favorable to sulfide formation (Connell and Patrick, 1969).
Salinity refers to the presence of excessive 
concentrations of soluble salts in the soil. The major 
ionic species of soils include sodium, calcium, magnesium,
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chloride, and sulfate. Among them, sodium and chloride are 
the dominant ones in the mangrove environment. Acid sulfate 
soils of coastal regions are subjected to various degrees of 
salinity associated with saltwater intrusion during tides.
In these conditions, they are often associated with low soil 
pH.
Salinity in excess of 4 mS cm'̂  is reported to be a 
critical level for plant growth (Rimwanich and Suebsuri, 
1983). Salinity affects nutrient and water uptake by 
plants. It impairs plant growth and depresses grain yield 
of rice. Pearson (1961) reported that rice germination does 
not occur at salinity greater than 11 mS cm"̂ . Growth of 
rice is initially retarded between salinity levels of 4 and 
11 mS cm'̂  (Prasittikhet, 1987). However, rainwater 
dilution and/or flushing helps alleviate high salinity 
effects during the wet season.
In acid soils, phosphorous is usually fixed in the form 
of variscite and strengite by Al and Fe, respectively, or 
absorbed to clay surfaces (Patrick et al., 1985). It is 
generally accepted that under reducing conditions, some of 
the iron and aluminum phosphate becomes available. Patrick 
and Khalid (1974) observed that anaerobic soils release more 
P to soil solution low in soluble phosphorous and sorbed 
more P from soils high in soluble P than do aerobic soils.
In the absence of Al and Fe toxicities and salinity effects, 
P deficiency may be the most important growth-limiting
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factor for rice in acid sulfate soils (van Breemen and Pons, 
1978). Ponnamperuma (1985) reported that upon flooding, the 
increase in P solubility is primarily caused by desorption 
following reduction of Fê * compounds to Fe'*, hydrolysis of 
Fe and Al phosphates in acid soils, release of occluded P 
and anion exchange. Based on P kinetics data for different 
soils, he observed that water soluble P is low for acid 
clays and high for active Fe-rich clays and sandy soil low 
in Fe. Available P (extracted by 0.5 N NaHCO^) <7 mg/kg is 
considered low for normal growth of rice (Luo-Zhi-Chao et 
al., 1981).
Nitrogen is a key element to the productivity of rice 
soils. Its deficiency is a common nutritional disorder of 
rice (Neue, 1989). Thus, inorganic N dynamics in rice soils 
is an important factor to rice management. The major 
inorganic nitrogen forms in the soils are N- NO^ and N-
NH; and account for 2-5 g/kg of the total nitrogen pool 
(Patrick and Reddy, 1978). In tropical paddy soils, most of 
the nitrogen loss occurs as as a result of 
denitrification (Ponnamperuma, 1985). Nitrogen loss from 
submerged soils results from nitrification-dénitrification 
processes that occur in the surface layer of soil and the 
root rhizosphere where oxic and anoxic conditions border one 
another (Patrick, 1982). In submerged soils, the 
availability of nitrogen is restricted by the slow 
mineralization of organic matter and by unfavorable
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conditions for processes of nitrogen fixation (Dent, 1986).
A total N content <0.1 g/kg is considered low, 0.1-0.2 g/kg 
moderate, and >0.2 g/kg as high (Ponnamperuma, 1985).
Furthermore, acid sulfate soils are generally 
characterized by low exchangeable bases and high 
exchangeable acidity, due probably to high rainfall and 
continuous leaching (Bloomfield and Coulter, 1973). This 
suggests the replacement of exchangeable bases on the 
exchange complex by aluminum. The sediments in which acid 
sulfate soils develop (especially those brought by 
freshwater streams from upland) might be highly weathered 
soils, mainly kaolinitic, with very low CEC. This also may 
be a potential source of the inherent low fertility 
characterizing these soils in the tropical zone.
Topsoil texture (type) and subsoil texture (substratum 
type), listed in the first and second categorical order of 
the FCC system, are very important parameters to crop 
production and especially to rice production in soils with 
aquic conditions. It is obvious for most agronomists that 
loamy (L) and/or clayey (C) textures are more suitable for 
rice cultivation as compared to sandy (S) ones, due 
primarily to their higher water and nutrient holding 
potential. However, a sandy topsoil underlaid by a heavier 
subsoil are adequate for rice production as well (Moormann 
and van Breemen, 1978). The development of a traffic pan is 
also important because it contributes to maintain water and
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dissolved nutrient elements at shallower depth where they 
are more available to the rice plants.
Specification about drainage level as modifier (g, g*, 
d) {Table 11) is a key information for reclamation/ 
management purposes. Similarly, specific information about 
(1) inherent nutrient elements status (k, e); (2) actual or 
potential adverse soil chemical properties (a, h, h, i, e); 
and (3) particular physical soils characteristics (x, v) is 
provided. These are extremely important in order to make 
the following decisions: (1) reclamation/management and
improvements, (2) timing of drainage and/or irrigation, (3) 
protection from saltwater intrusion, (4) selection of 
cropping system, (5) lime requirement and fertilizer 
recommendation, (6) desalinization technics selection, and 
(7) rice varietal selection.
Various soil types have developed on the coastal plains 
of Guinea. These soils may require different management 
practices. The objectives of this chapter are (1) to 
evaluate the effect of reclamation/management practices in 
use on these soils, and (2) to provide a fertility 
capability classification to serve those who are not 
familiar with Soil Taxonomy as a baseline data in developing 
a plan to efficiently manage these soils.





A total of 15 profiles representing 10 soil series 
(Table 12) were excavated, described, and sampled in the dry
(D) season (March 1990). These 15 pedans were correlated 
into 10 soil series. Soil samples were taken at the same 
locations and from the same horizons in the wet (W) season 
(July 1990) as those obtained in the D season. Each soil 
sample was sealed in doubled thick plastic bags.
Field pH measurements were recorded in situ from each 
horizon, in both the D and W seasons, using combined glass 
and reference electrodes connected to MPM 4000 Matrix 
Processor. A portion of each horizon was retained in its 
natural moisture state. A subsample from this material was 
used to obtain the electrical conductivity data. A second 
subsample from the same material was retained to be slowly 
air dried to allow pyrite oxidation.
Laboratory
Soil samples were air dried, crushed, and passed 
through a 2-mm sieve and stored for analysis.
The pH's in the laboratory were obtained from soil 
samples that were slowly air dried. Soil conductivity 
measurements were obtained using a conductivity cell.
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Table 12. Description of the mangrove paddy soils of
Guinea.
Soil loriot lltratio i Tueioiic ehuifieotioi 
(i) (KDi, li!2)
t .  Seuoullr flooded
l i iU i j  ].S riM, lixed, iieSn*rtSinie, 
Tnie bdsMurti
lodiii S.I fiu l iu x , iilicto ii, iiotj*
rortktnie, muoU, Tpie 
lid c iiit |U
Cuklii I S 7 iit , lixid, iutTH'Sktnic,
Tj>ic bdeoficit!
litiktU S.l riM, lixid, iioknortbnie,
Irdnficitie Silfiimti







k. r in tt t it ir  fitodid
: I riM, liicd, iioknortkenie, 
Tjric S ilf if it it i
3 k riM, (ixtd, iiikiMrtkttiie, 
tnic S ilfiiie iti
3 S Sold), l il ic io ii,  inkntrtkc- 
n ie  Tnie Silfaiieiti
4 k CliTtT o x u id ;, lixid, 
iiekrMXtkenic, ijfit 
SilfMintx
3 k riM lo u i,  lilicM ii, Iwkr 
MXtkenie, Mucid, Tnie 
Ijdrotititi
betrkx
litU n l ftddj to il, r tcd tl; dniMd ud MxioMtll 
ynUcUd f n i  leanttr iitn iiea . It it  labjactcd 
to axidatiii da its  tka dry itatei ud ndactiaa 
dm its tkt Mt taatoi.
Sut u  tkt littaty ttr it i titk tkt i t l j  d ifftn ict 
ktit( tltittd t ud  t i l t  (old dniitd w i l l )
Sut u  tkt l i t t u )  tcritt titk tkt ttly d ifltn tct 
ktits altittdt ud  t i l t  (old dnittd to il).
litta n l faddy to il ttdtrfoits ittta tin  
m la u tia t/u ta S tu it  u t i t i t i t t  (dniud ud 
HXUMttly yrotoettd froi ultoatar i i tn t it t  
otly f i n  lo itb  kofon fiold itttttifttioa .
litta n l u ic n t i  ta il, y tm ttitly  yntactad 
fn# Httator it tn t io t  titet ISiS. bd  kott 
M tiiiattly flttltd  ta tt|arctM far IS ytart. 
rrttk attar n t  mud to irrifatt tka tisareaM 
da its tkt dry tttM t Tkt tisareut ynjtet 
failtd it  ISIS. Sitet tkti, tkit Mil b t  kttt 
tttd far r iu  yradictiat di its tkt Mt naiat.
Sikjtetid to daily taltiatir in idatiit at kisk 
tidti dariis tkt dry ttu a t ud frttk/krakitk 
nttr  flaodits dirits tka att ttuat.
Old riea fitldt It fa l lu  rtealttiitd ky a iettia 
at tu t  flactt. Sikjaettd to daily u ltn ta r  
ukttrstaet at ki(k tidtt.
lartoiits iitiariaa aallty, ytutratias kttatta ax 
ttiiia it of aylatd fla tta u , yaxtially yrottettd 
fm  laltaittr it tn t io t  do its rict sn iit s  ttuat
kyytt ttt iir ia i t t l lty  ftittratits kttatta 
txttaiiatt of tylaad ylattaix, n latittly  M t 
dniMd dit to itt  kisktr olttatiaa. It it  Hxtially 
ynttetad fna aaltaattr ittn tio t dirits riet 
Sntiis Mttat.
Tirs it l it ta n l a a isn n , takjtcttd to dial; talt/ 
krackitk aatar takatrs iet tnatd a ytar.
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Particle size distribution analysis was performed using the 
Bouyocos dispersing method. Field moisture content and air 
dry moisture content were obtained by oven drying at 105°C. 
Exchangeable Al and H were obtained by extraction using
1.0 N KCl, cation exchange capacity (CEC) by saturation with 
NH.OAc, and run using inductively coupled plasma 
spectrometer (ICP) equipped with a Gilson auto sampler.
These methods are from SSI, Report No. 1 (1984). Total 
nitrogen analysis was performed using Kjeldahl's method and 
organic C, by Peech et al. (1947) and Walkley and Black 
(1934). Available P was determined by Bray II (Soil 




Based on the texture of the soil to 60 cm depth, the 
soil series in this study on the coastal plains along the 
Guinea coast can be grouped into six categories (Table 13): 
(1) uniform sandy soils (S) (total sand >60%), (2) uniform 
loamy (L) soils (as defined in Table 10), (3) uniform clayey 
(C) soils (as defined in Table 10), (4) a loamy topsoil 
overlying a clayey substratum (LC), (5) a clayey topsoil 
underlaid by a loamy substratum (CL), and (6) a loamy 
topsoil over sandy (by USDA) substratum (LS). Based on
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Table 13. Particle size distribution analysis results for 
FCC of the mangrove paddy soils of Guinea.
Deptb Saad Silt clay Type Depth Saad Silt clay Type
(ti! (tex.50 Cl) (cm) ■(tez.SO cmperctBw** •p^rccal**
liadiadi leriet ladiaa leriei
e - 7 1.8 52.1 46.1 0 • 10 17.5 34.9 47.6
7 - 23 7.0 53.4 39.6 (C) 1 0 - 2 5 40.9 37.0 22.1 (CL)23 ' 44 4.5 53.8 41.7 25 - 50 51.1 29.0 19.9
44 • 60 2.7 53.8 43.5
Sublaa meriei
Deateia leriet 0 - 16 8.8 51.9 39.3
D * 13 0.8 56.1 43.1 16 - 32 4.2 60.5 35.3 (Cl
13 - )4 0.9 52.2 46.9 (C) 3 2 - 5 4 2.0 58.6 39.4
34 • IS 0.4 53.1 46.5
Icba leriet
Pofolea leriei 0 - 20 51.2 21.0 20.8
9 - 13 62.2 21.9 15.9 2 0 - 4 5 48.6 25.3 26.1 (L)
13 • 32 87.5 7.2 5.3 (IS) 45 - 70 60.2 25.8 14.0
32 • S( 79.9 12.3 7.8
litikata leriem
Doaiab leriei 0 - 10 5.9 52.0 42.1
9 • 9 12.1 57.2 30.7 10 - 24 3.7 52.8 43.5 ( 0
9 • 28 2.6 55.2 42.2 (LC) 24 - 46 12.5 47.1 40.4
29 • 46 6.4 51.6 42.0 46 - 71 1.2 55.4 43.4
46 - 60 31.6 35.2 33.2
Taborca leriei
liitaai leriet 0 - 25 2.2 54.8 43.0
0 • 23 1.1 51.1 47.8 25 42 0.5 58.5 41.0 ( 023 - 40 1.0 50.4 48.6 ( 0 42 - 80 2.7 56.4 40.9
40 • 67 3.5 51.4 45.1
lefead: L : » laifori l o u ;  toil
C : t laifon clayey toil
LC : a l euy tepioil orerlylaf a clayey labitratia 
Cl : a clayey topioil laderlied by a Icaty isbttratii
IS : a loamy topioil orer taady tabttratai
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hydrological conditions, these soils can be divided in two 
groups— seasonally flooded soils and permanently submerged 
soils.
Seasonally flooded soils
Seasonally flooded soils comprise soils that have been 
drained and permanently protected from saltwater intrusion: 
the Mintany (P6 and 7), Madina (P8), Gambian (P9, 10, and 
13), Taborea (P15), and Kitikata (P12) series (Table 12). 
These soils are subjected to rainwater flooding during the 
wet season (mid-June to mid-November) and remain drying 
during the dry season (December-May). The water table 
fluctuates between 50 cm and 150 cm, depending on the local 
microtopography and soil texture. However, the gleyfication 
characteristics appear in the subsoil in most of the 
profiles between a depth of 15 cm and 30 cm. The substratum 
in these soils is characterized by the presence of distinct 
mottles with chromas ranging from 1 to 8. The Mintany and 
Gambian series crack during the dry season and the cracks 
are 2cm to 5 cm wide; some of the cracks extend to more than 
50 cm depth following the slickensides (see profile 
description in Appendix).
Chemical analysis data (Table 14) show that these soils 
have superimposed layers with contrasting chemical 
properties. The recently drained soil (Mintany series) is 
distinguished by a medium (18-22 cmol+/kg soil) effective
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ECEC, with no detectable AX on the exchange site and very 
high (28-33.7) ESP. The last soil to be drained (the 
Kitikata series) is characterized by a medium to high ECEC 
(13.0-27.2 cmol+/kg soil) with 32-90% A1 saturation, and a 
low (1.6-5.4) ESP.
The first soils that were reclaimed (the Madina, 
Gambian, and Taborea series) are characterized by very low 
to low (8.3-17.7 cmol+/kg soil) ECEC with no detectable to 
33% A1 saturation in the topsoil and a low (1-17) ESP 
(except Madina series that has an ESP=16.4 between 25 and 50 
cm depth).
Selected chemical parameters for the dry versus wet 
seasons are provided in Tables 15 and 16. These first 
drained soils were characterized by a low salinity in both 
seasons (EC<0.4 Sm‘̂) except the recently drained ones (the 
Mintany and Kitikata soils) in which EC>0.5 Sm"̂  in both 
seasons were recorded. A slight decrease in EC value was 
observed in the surface horizons in the wet season. Upon 
oxidation, a decrease in pH of 2.4 units was observed in 
these seasonally flooded soils with the lowest pH value 
observed after oxidation was >4.0 in both seasons. An 
increase in field pH of 1.6 units was observed upon 
flooding. The Kitikata series showed a pH <3.5 in the field 
in the dry season conditions from 10 to beyond 71 cm depth 
(Table 15).
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Table 14. Selected chemical characteristics of the
seasonally flooded mangrove paddy soils of
Guinea.
Depth Exehanfeeble cations £xcb. A1 ECEC Al satu. ESP
Ca2+ M«2+
— — — cmol/kg
K* Na+
»
0 - 23 2.83 8.0 1.2
Mintany series 
6.1 0.0 18.1 0.0 33.723 - 40 3.26 8.2 1.1 5.7 0.0 18.2 0.0 31.040 - 67 7.19 7.8 1.0 6.2 0.0 22.2 0.0 28.0
0 - 10 3.40 4.5 0.6
Madina series
0.7 1.0 10.2 9.8 7.210 - 25 2.97 4.6 0.6 0.9 0.0 9.1 0.0 9.925 - 50 2.80 3.7 0.5 1.4 0.0 8.3 0.0 16.4
0 - 16 2.89 4.0 0.3
Gambian series
0.1 3.6 10.9 33.0 1.016 — 32 4.00 6.8 0.4 0.3 1.8 13.2 13.6 2.132 - 54 6.60 9.6 0.6 0.9 0.0 17.7 0.0 5.3
0 - 10 1.5 5.6 1.0
Kitikata series 
0.7 4.2 13.0 32.3 5.410 - 24 1.0 3.2 0.5 0.6 8.4 13.7 61.3 4.424 - 46 0.5 2.0 0.1 0.5 27.6 30.7 89.9 1.6
46 - 71 1.5 3.4 1.1 0.6 20.6 27.2 75.7 2.2
0 - 25 1.0 4.2 0.4
Taborea series
0.7 3.0 9.3 32.3 7.525 - 42 1.1 5.6 0.4 1.1 3.6 11.8 30.5 9.342 - 80 1.4 6.6 0.4 1.3 2.0 11.7 17.1 11.1
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Soluble Al ranged from 0.9 mg L"̂  in the Mintany soil 
to 17.4 mg L'̂  in the Gambian soil and Fe from ND* in the 
Taborea and Mintany soils to 5.0 mg in the Gambian soil 
in the dry season. Higher concentrations were obtained in 
the wet season (ND to 39.2 and ND* to 18.0 mg 
respectively in the Mintany and Gambian soils. Soluble S 
concentrations have the opposite tendency but with less 
consistency (Tables 15 and 16). The Kitikata soil series is 
not included in the above characterization. The data 
obtained for this series were higher than those obtained for 
the other series. The causes of this discrepancy have been 
discussed in chapter one.
Nutrient element (N P K) status in these soils is 
provided in Table 17. Total nitrogen analysis results 
indicate that the topsoil in some of these series (the 
Kitikata, Taborea, and Gambian) have high to moderate 
inorganic N content. The Mintany, Madina, and Gambian soils 
are distinguished by low to very low N content. Data 
support that the soils contain sufficient available 
phosphorous (13-127 mg/kg) and adequate amounts of 
assimilable K (116-868 mg/kg) except the subsoil of the 
Pogolon series (2.6-29.5 mg/kg).
PermanentIv submerged soils
Permanently submerged soils comprise old (abandoned) 
rice fields and those soils that are used for traditional
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Table 15. Selected chemical parameters of the seasonally






PH Ox. PH S Al
— mg/kg—
Fe





23 - 40 1.0 5.2 4.8 999.2 0.0 0.0
40 - 67 1.1 6.4 6.4 814.9 - 0.0 .
0 - 10 0.4 4.0
Madina series 
4.3 670.7 0.0
10 - 25 0.3 4.5 4.2 519.5 1.3 0.5
25 - 50 0.3 5.3 4.7 403.5 5.9 2.0
50 - 65 0.3 5.8 6.0 571.1 3.4 1.1





16 - 32 0.1 4.7 4.9 66.0 6.5 1.5
32 - 54 0.1 5.5 5.9 145.6 17.4 5.0
0 - 10 0.9 3.6
Kitikata series
3.5 836.0 12.8 9.3
10- --24 0.9 3.3 3.2 1463.0 68.6 1.0
24 - 46 1.6 2.1 2.0 5255.0 1266.0 644.3
46 - 71 2.0 2.8 2.6 4770.0 668.7 190.2





25 - 42 0.1 4.3 4.3 318.2 0.0 0.0
42 - 80 0.2 4.1 4.0 421.8 0.7 0.0
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Table 16. Selected chemical parameters monitoring results




EC F ie. 
(S/m)
PH Ox. PH S Al
— mg/kg--
Fe





23 - 40 1.0 6.4 5.7 1022.0 0.0 0.0
40 - 67 1.1 6.4 6.4 1507.0 0.4 0.0
0 - 10 0.1 5.7
Madina series 
5.3 205.3 26.4 5.7
10 - 25 0.2 5.9 4.9 489.5 0.0 0.0
25 - 50 0.2 6.7 5.1 343.9 0.6 0.0
50 - 65 0.1 6.8 5.7 392.4 35.0 11.4





16 - 32 0.1 6.3 5.2 78.0 29.6 8.0
32 - 54 0.1 6.4 6.0 105.5 15.2 18.0





10- --24 1.8 3.3 3.2 2262.0 246.5 3.2
24 - 46 2.5 2.8 2.3 4846.0 1101.0 11.2
46 - 71 2.8 3.2 3.0 6317.0 932.0 14.5





25 - 42 0.1 4.4 4.3 307.0 0.0 0.0
42 - 80 0.2 4.3 4.2 367.2 0.0 0.0
legend: Fie. pH = field pH
Ox. pH = oxidized pH
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Table 17. Available N, P, and K content in the mangrove
paddy soils of Guinea.
Depth N P O  K O
(cm) g/kg — -■/— -̂ mg/kg-^~*
Depth
(cm)
N P O  L Og/kg — fa-J-mg/Jcg-^—
Permanently flooded soils Seasonally flooded soils
Kindiadi series Mintani series
0 - 7 0.2 95 566.6 0 - 23 0.1 48 451.87 - 23 0.1 112 613.3 23 - 40 0.1 46 432.6
23 - 44 0.1 117 611.9 40 - 67 0.1 119 397.244 - 60 0.1 125 435.9
Madina series
Dentema series 0 - 10 0.1 89 245.4
0 - 13 0.2 268 554.1 10 - 25 0.1 - 13 242.7
13 - 34 0.2 234 868.0 25 - 50 0.1 16 198.5
34 - 65 0.2 264 807.8
Gambian series
Pogolon series 0 - 16 0.2 25 116.7
0 - 13 0.1 31 151.4 16 - 32 0.1 16 159.9
13 - 32 0.1 25 29.5 32 - 54 0.1 23 237.2
32 - 58 0.1 16 2.6
Kitikata series
Doniah series 0 - 10 0.2 49 386.4
0 - 9 0.2 91 208.7 10 - 24 0.2 102 196.3
9 - 28 0.4 55 345.4 24 - 46 0.1 87 56.5
28 - 46 0.1 74 306.8 46 - 71 0.2 127 44.6
46 - 60 0.2 41 90.0
Taborea series
Koba series 0 - 25 0.4 116 143.0
0 - 20 0.2 87 680.9 25 - 42 0.2 59 153.4
20 - 45 0.1 87 698.1 42 - 80 0.1 27 170.9
45 - 70 0.1 80 745.3
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rice production (the Kindiadi, Dentema, Pogolon, Doniah, and 
Koba soils). These soils are subjected to saltwater 
submersion at high tide during the dry season and 
fi'-'sh/brackish water flooding during the wet season. The 
soils aie slightly or not developed. The soil surface 
horizons are composed of a common dark gray (N4) massive and 
dark greenish-gray (5BG 4/1) unripe clay with few distinct 
mottles. Those soils near the continental plateau (the 
Pogolon series) are characterized by pale brown (lOYR 6/3) 
structureless loamy coarse sand.
Data provided in Tables 18, 19, and 20 show that these 
soils, except for the Pogolon, are characterized by similar 
chemical properties as the seasonally flooded soils with the 
difference that the latter:
have relatively lower Al saturation in the surface 
horizons (Table 18);
are more saline (Tables 19) in the dry season with 
a decrease of salinity observed in the superficial 
horizon during the wet season (Table 20); 
have higher soluble S, Al, and Fe in both seasons 
(Table 19);
become ultra-acid in oxidized state; and 
have higher ESP in the subsoil (Tables 18 and 19). 
Upon oxidation, a pH decrease of at least 0.5 units, was 
observed in all of these soils and the resulting pH's were 
3.5 or less in most of the horizons (Tables 19 and 20).
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Table 18. Selected chemical characteristics of the
permanently flooded mangrove paddy soils of
Guinea.
Depth Exchsageable estions £xcb. Al ECEC Al satu. ESP
( cm ) -- — — — — — — —  ---- — ----------------- — ----   —
Ci‘>+ tig2* K+ N*+




0.2 16.7 1.0 12.7
7 - 23 1.8 4.6 1.6 2.0 14.4 24.4 59.0 8.2
23 - 44 3.3 4.1 1.6 1.4 19.2 29.6 64.8 4.7
44 - 60 1.4 3.3 1.1 1.9 25.2 33.0 76.4 5.9
0 13 1.9 6.1 1.4
Dentema series
4.9 2.6 17.0 15.3 29.0
13 - 34 3.1 8.8 2.2 6.4 0.0 20.5 0.0 31.2
34 - 65 3.0 9.1 2.1 5.7 2.0 21.9 9.0 26.2
0 13 1.3 2.9 0.4
Pogolon series
1.1 0.6 6.3 9.5 18.1
13 - 32 0.1 0.4 0.1 0.1 1.8 2.4 75.0 1.3
32 - 58 0.1 0.1 0.1 0.1 2.2 2.3 95.6 1.7
0 9 1.7 4.0 0.5
Doniah series
0.4 0.0 6.6 0.0 6.1
9 . 28 1.3 4.4 0.9 2.4 0.0 8.9 0 0 27.0
28 - 46 1.0 3.3 0.8 2.7 0.0 7.7 0.0 34.4
46 - 60 0.2 0.8 0.2 0.2 0.6 2.1 28.6 11.2
0 20 2.7 9.2 1.7
Koba series 
7.2 0.0 20.8 0.0 34.6
20 - 45 2.7 8.9 1.8 7.7 0.0 21.1 0.0 36.5
45 - 70 2.7 9.0 1.9 9.9 0.0 23.5 0.0 42.1
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Table 19. Selected chemical parameters monitoring results
of the permanently flooded mangrove paddy soils
of Guinea (dry season).
Depth
(cm) EC(S/m)
Fie. PH Ox. PH S Al Fe




2631.0 1.0 0.87 - 23 1.7 5.9 3.0 5981.0 631.9 591.123 - 44 1.5 5.9 2.7 6336.0 816.6 785.844 — 60 1.6 5.9 2.7 6641.0 798.1 827.1




1572.0 9.413 - 34 2.7 6.6 4.4 4111.0 23.0 177.034 - 65 3.0 6.8 3.9 4602.0 10.7 79.8




766.1 74.6 1.413 - 32 0.3 4.3 3.0 427.8 13.3 1.832 - 58 0.2 5.5 3.1 561.1 74.0 1.4
0 - 9 4.2 4.5
Donia series 
4.3 1549.0 1.3 0.99 - 28 1.6 4.9 4.5 724.0 4.2 0.628 - 46 2.1 4.6 4.5 1180.0 — 0.246 — 60 1.8 3.6 2.6 1784.0 212.5 82.5
0 - 20 1.2 6.4
Koba series
5.9 537.6 6.9 2.8
20 - 45 1.2 6.3 6.0 816.5 0.6 0.4
45 - 70 1.2 5.5 4.5 1726.0 — 0.2
legend: Fie. pH = field pH
Ox. pH = oxidized pH
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Table 20. Selected chemical parameters monitoring results
of the permanently flooded mangrove paddy soils





PH Ox. PH S Al
— mg/kg--
Fe





7 - 23 1.3 5.8 3.5 4492.0 116.6 7.5
23 - 44 2.7 5.9 3.4 4196.0 127.9 2.6
44 — 60 2.7 5.9 3.3 4560.0 194.1 6.9





13 - 34 2.9 6.7 5.7 3335.0 2.6 1.6
34 - 65 3.1 6.8 5.4 2965.0 2.7 1.3





13 - 32 0.6 5.0 3.2 750.4 63.8 0.8
32 - 58 0.3 5.4 3.1 709.8 114.7 2.0
0 - 9 0.4 5.6
Donia series 
5.1 506.2 0.5 0.0
9 - 28 0.9 5.3 5.0 631.9 6.7 0.5
28 - 46 1.5 5.1 4.5 1560.0 19.5 3.0
46 - 60 1.2 4.7 3.4 1635.0 177.1 3.0
0 - 20 0.1 6.2
Koba series
6.0 136.0 166.6 63.1
20 - 45 0.4 6.3 5.8 326.7 33.4 10.9
45 - 70 0.9 6.8 6.4 334.2 0.4 0.0
legend: Fie. pH = field pH
Ox. pH = oxidized pH
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Discussion
The mangrove soil series on the coastal plains of 
Guinea are mostly silty clay except those near the sandy 
cheniers and along the boundary with ti.e upland plateau. As 
mentioned earlier, these soils have developed in sediments 
transported from the interior uplands by freshwater stream 
and subsequently deposited in a littoral zone. During the 
transportation process, rocks, cobbles, and sand are 
sequentially deposited first. Only the finer particles 
(silt and clay) remain in suspension and are the last to be 
deposited in the lowest level (estuary and littoral plains). 
A coarser texture characterizing the series near the sandy 
cheniers is due to the geomorphic processes of strong wave 
energy, heavy rainfall during alternate progradation, and 
retreat of the coastline.
The predominance of a uniform loamy (L) or clayey (C), 
and a loamy topsoil over a clayey subsoil or the opposite 
shows that these soils are very suitable for rice 
production. This suitability results from their better 
water-holding capacity.
Sanchez and Buol (1985) recognized sandy topsoil over 
loamy (SL) or clayey (SC) substratums as suitable soils for 
rice production as well. Due to the differences in 
hydrology, seasonally flooded soils and permanently flooded 
ones are likely to develop dissimilar biochemical 
properties, thus they may have different fertility problems.
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Seasonally flooded soils
A fluctuating water table and continuous paddy rice 
cultivation have contributed to a profile development 
characterized by the presence of a grayed topsoi] and 
various mottles in the substratum. This is due to the 
alternate wetting and drying cycles inherent to these soils. 
Under flooding conditions, several soil components, by means 
of reduction, are made soluble ( NO^ , , Fê *, and Ŝ ‘)
in the submerged surface horizon and moved down to 
subsurface horizons with percolating water. As the soil 
becomes reduced after flooding, insoluble Fe^‘ compounds 
undergo direct microbial reduction (at Eh between + 150 
and -100 mV), acting as electron acceptor, to soluble Fe*' 
(Patrick and Delaune, 1972; Patrick and Jugsujinda, 1992; 
Turner and Patrick, 1968) that may be eluviated from surface 
horizon and retained in the less permeable subsurface 
horizon (the plow pan). As a result, the upper profile 
turns gray in color. At the onset of the dry season, flood 
water evaporates, the water table drops, and the soil 
becomes oxidized. Drying during the dry season results in 
soil cracking in some of the soils. In these conditions,
Fê * diffuses upward and is oxidized. This leads to the 
formation of mottles with various chromas in the subsoil and 
along cracks and root channels. The presence of a gray 
topsoil and a mottled (iron and manganese oxyhydroxides) 
substratum indicate that these soils have been paddified to
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some degree via "ferrolysis." This process is recognized in 
rice culture as "paddification" (Jung and Urn, 1992;
Mitsuchi, 1989). Ferrolysis has ben cited as being the 
major pedogenesis process of soils with aquic moisture 
regime (Brinkman, 1970; Wilding and Relage, 1985). The 
anthropic epipedon is the result of this process in rice 
soils (Soil Survey Staff, 1992). However, intermittently 
flooded soils, when not used for rice cultivation, may not 
have mottles and grayed surface (Jung and Um, 1992). The 
term paddification is derived from the Malay "padi”
(English, paddy) meaning soil. The properties have been 
changed as a result of artificial management to improve rice 
production (Jung and Um, 1992). Paddification, therefore, 
implies changes in soil morphological, physico-chemical, 
mineralogical, and biological properties induced by 
intermittent wetting and drying. Ferrolysis includes clay 
decomposition through silica leaching in areas with distinct 
dry and wet seasons (Brinkman, 1970). Jung and Um (1992) 
have shown that desalinization, physical ripening, formation 
of a plow-pan, and other changes which accompany repeated 
oxidation and reduction.
The observed pH values and the recorded EC data (Tables 
15 and 16) of the seasonally flooded wet soils attest that 
they are neither actual nor potential acid sulfate soils. 
They are not presently saline, except for the Mintany and 
Kitikata soils. This testifies that an oxidation period
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varying from four years to four decades, natural 
flushing/leaching of salts and acid products, and continuous 
paddy rice production during the wet season have been 
sufficient to achieve maximum oxidation of the previous 
underlying sulfidic material. These soils are characterized 
by relatively low ESP except for the Mintany series. In 
effect, the Kitikata soil was undergoing intensive 
reclamation/management activities at the sampling time. The 
Mintany soil had been recently relatively drained and 
permanently protected from seawater intrusion. These 
reclamation/management activities are usually followed by 
high salt accumulation on the soil surface due to the high 
evaporation rate. Tomlinson (1957) reported that 2 to 3 
rainy seasons are needed to bring salinity to an acceptable 
level for rice production in newly drained and protected 
mangrove swamps.
The Kitikata soil series was distinguished as having 
the most severe acidity and salinity (field pH 2.1 and 2.8, 
ES 2.6 and 3.3 Sm‘̂ in the dry and wet season, respectively) 
of all the soils studied. As mentioned in the previous 
chapter, this series— as well as many others— was found to 
develop in a clayey racemose peat. A soil material contains 
appreciable amount of metabolizable sulfur compounds usually 
in the form of pyrite. It had been reclaimed (drained and 
permanently protected from seawater intrusion) for five 
months before the dry season sampling. During these five
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months, an appreciable amount of pyrite was oxidized to 
develop ultra acidity in both the topsoil and the 
substratum. This soil had become an acid sulfate soil.
This is why most of the chemical data observed for this soil 
are out of range as compared to those recorded for other 
seasonally flooded soils (Tables 15 and 16).
The seasonally flooded soils are further characterized 
by relatively lower field pH and lower ECEC (Table 14) than 
the permanently flooded soils. However, the pH is not low 
enough to prevent rice production on the seasonally flooded 
soils. The low observed ECEC may be partly attributed to 
the highly weathered state of the parent materials eroded 
from the upland. These materials are from laterite soils 
evolving under constant high temperature (25°C) and heavy 
rainfall (4,000 mm) during the wet season and are 
distinguished by high Al and Fe oxyhydroxides. The lowest 
ECEC are observed in the first drained soils (the Madina, 
Gambian, and Taborea soil series) (Tables 15 and 16). 
Ferrolysis may have contributed to the initial low ECEC when 
these sediments were part of the original upland soils. 
Ferrolysis has been described as a cause of the formation of 
gray degraded horizons (Brinkman, 1978). Under flooded and 
highly reduced conditions, Fe'' replaces a portion of the 
exchangeable cations which are removed. During the 
subsequent aerobic phase, unneutralized H+, formed by 
organic matter oxidation, will lead to acidification (van
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Breemen, 1975). Saturation of clays with H+ causes 
spontaneous release of Al from octahedral positions in 2:1 
clay minerals (Coleman and Craig, 1961). Part of the Al 
will migrate out of the profile, while a portion of it may 
precipitate to form gibbsite or be incorporated into the 
interlayers of the smectitic clays (Brinkman, 1977). 
Interlayer hydroxy Al decreases expansion of 2:1 clays, 
increases phosphate and sulfate absorption, increases pH 
dependent charge and buffering capacity, and decreases K+ 
fixation (Miller, 1983). At least one-third of the ECEC in 
the topsoil is occupied by exchangeable Al in most of these 
first drained soils. The same situation will develop in the 
permanently flooded ones after they are reclaimed. This is 
a limiting factor to rice production on these soil series.
In the mangrove paddy soils along the Guinea coast, 
kaolinite is the more abundant mineral > 70% followed by 
gibbsite (Figure 3). Ferrolysis might be the potential 
cause of the gibbsite formation in these plains and may form 
as a result of kaolinite weathering. This shows that these 
soils are highly weathered. After a long period of 
leaching, acid sulfate soils contain low quantities of 
bases, and the exchange complex becomes saturated with Al. 
Calcium and potassium are likely to be the more deficient in 
these soils (Bloomfield and Coulter, 1973).
The relatively lower concentration tendency of soluble 
S in the wet season may be attributed to its reduction to
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Ŝ " that may have subsequently reacted with H* to form HjS. 
However, Ŝ " may have reacted with Fê " to form iron sulfide. 
But because of the very low concentration of soluble Fe=* in 
these soils, this reaction is unlikely to occur. Regardless 
of the seasonal variation, soluble S is still too high to 
affect rice growth after it has been reduced. Hydrogen 
sulfide levels tend to be greater in soils low in iron or 
high in organic matter (IRRI, 1973).
A slight increase in soluble Al was observed in some of 
the soils sampled in the wet season (saturated/flooded 
conditions) as compared to those sampled in the dry season 
(Tables 15 and 16). This may be attributed to analyses that 
were performed after the soils had been oxidized (dried at 
room temperature). After oxidation, some of these soils had 
pH value between 4.2 and 4.8. The increase of soluble Al 
also originates from runoff and/or seepage water from the 
surrounding upland areas. The Al̂ ' ions are predominant 
only at pH <4.7, and increase as pH decreases below this 
level (Marion et al., 1976). Aluminum toxicity might be a 
problem in some of these soils (the Mintany, Madina,
Gambian, and especially the Kitikata series— Tables 15 and 
16). As mentioned earlier, a critical level of 15 mg/kg of 
soluble Al at pH 4.0 with no phosphorous addition has been 
observed in the culture solution (Tanaka and Navasero,
1966).
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Except in the Kitikata series, soluble iron 
concentrations are very low in these soils. Iron toxicity 
is not likely to be a problem for rice production on these 
soils. In fact, except for the Kitikata series, no soil 
showed a drop of pH below 4.0 upon oxidation or in the 
field. Furthermore, organic matter content (0.1-3%) is not 
high enough to promote the reduction of appreciable amount 
of Fe upon flooding that can be harmful to rice growth on 
these soils.
Available P data corroborate with those obtained in a 
previous study (Horn et al., 1967) and confirm that this 
nutrient is not a limiting factor to rice production on 
these plains. Similarly, data on assimilable K attest that 
this element exists in adequate amounts for normal rice 
growth.
Total N data support that this element is deficient in 
most of these soils and deserve to be considered as a 
potential limiting factor to rice production in some, if not 
most, of these soils (Table 17).
Permanently flooded soils
A fundamental distinguishing characteristic of most of 
these soils lies in their susceptibility to develop ultra 
acidity upon oxidation. Data provided in Tables 19 and 20 
show, except for the Koba soil, these soils are potential 
acid sulfate soils. Like the Kitikata soil, these soils
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contain appreciable amounts of sulfidic material. Upon 
oxidation the sulfidic material will contribute to a 
lowering of pH below 4.0. At this pH, Al toxicity is at the 
h'qhest (Marion et al., 1976).
Tne permanently flooded soils are demarcated by a 
uniform dark gray to dark greenish-gray color throughout the 
profile. This a result of the predominance of permanent 
reduced conditions. In the Doniah series, however, some 
jarosite and some strong brown mottles and even some cracks 
in the surface horizon were observed. This particular soil 
has developed on an upper estuarian valley lying between an 
upland plateau. Due to its relatively higher elevation and 
the predominance of sand in the lower horizons (from 46 cm 
down) , this soil is not completely submerged at high tides 
during the dry season and is well drained at low tides.
This might be the cause of the oxidation of iron compounds 
that results in the formation of brownish or reddish mottles 
observed in the upper horizons of this series.
The relatively higher ESP observed in the soils series 
developed on the littoral plains as compared to those 
developed along estuaries might be attributed to the higher 
salinity level of the invading seawater along the littoral.
The relatively higher field pH values (Tables 19 and 
20) observed in these permanently flooded soils in both 
seasons would permit double rice cropping. But a high
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salinity (Tables 19 and 20) recorded in these soils in the 
dry season hampers such possibility.
The relatively less Al saturation observed in the 
topsoil may be attributed to the difference in weathering 
rate (slower) as compared to those intermittently flooded. 
However, the range of ECEC is still the same in these two 
environments. The higher content of soluble Al recorded 
(Tables 19 and 20) after oxidation can be attributed to a 
ultra acidity (pH <3.5) that developed upon soil oxidation. 
From an experiment conducted under both controlled pH and 
redox potential conditions, Prasittikhet (1987) observed 
that total water-soluble Al is negatively related to pH. He 
found that water-soluble Al increased with decreasing pH in 
both acid sulfate and non-acid sulfate soils. The higher 
water-soluble iron concentration might be due not only to a 
lower pH but also to the predominance of permanent reduction 
conditions. Gotoh and Patrick (1974) observed no conversion 
of the reducible iron into the water-soluble form at a redox 
potential of +300 mV and pH 8, while at pH 5 about 316 mg/kg 
iron was converted to the soluble form. At pH 5 and Eh 
-250 mV, they obtained the highest iron release. Data on 
soluble Al and pH provided in Tables 19 and 20 show that a 
drainage of these soils may contribute to the development of 
Al toxicity, especially in the Kindiadi, Dentema, and 
Pogolon soils and possible Fe toxicity in the Kindiadi and 
Dentema soils. Soluble Al and Fe data were obtained from
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
8 3
samples that had been dried at room temperature. To assess 
the natural concentration of these elements in the field 
conditions, analysis from freshly-taken samples is 
necessary.
Excess soluble S concentration may be attributed to a 
daily supply in this element from high tides, especially 
during the dry season. A reduction of this abundant soluble 
sulfur, coupled with a low soluble Fe concentration observed 
in these soils, could result in the formation of excess HjS 
that might hamper normal rice growth. Available P and total 
N data are similar to those obtained in the intermittently 
flooded soils (Table 17).
A fertility capability classification for the mangrove 
soils along the Guinea coast is provided in Table 21 and its 
interpretation is provided in Table 22. This classification 
and interpretation is based on the above examination, 
analysis, and discussion of the field and laboratory 
investigation. This classification is an adoption of the 
second revised version of the FCC system (Sanchez and Buol,
1985) to the present study with some modifications. This 
fertility capability classification version is distinguished 
by the following;
1. For uniformity and consistency reasons, both Type 
and Modifier soil parameters are determined at the 
same depth (60 cm), except for total N. _
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Table 21. FCC of the rice mangrove paddy soils of Guinea-
Ftructers Soil series
lindisdi Oeoteis Pogolos Donish Kiatsoi Itdias G u b l u  lob* litiht* T»bore*
Trpc (textore)
L 4





t 4 4 4 4 4 4
r* + 4 4
d 4 4 4 4 4 4
e 4 4 4 4 *
I + * 4 4
b + 4 4
T 4 4 4
8 + + 4 4 4 4 4
D 4 4 4 4 4 4
C* + + 4 4
c *
le{ead: ♦ = preseace of this cb*r»cteristic
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Table 22. Interpretation of the FCC of the mangrove paddy
soils of Guinea.
Type (Texture to 60 cm depth of the surface)
S = uniform sandy soil: total sand >60%. High
infiltration, low waiter-holding capacity, more 
difficult to do thorough puddling; traffic pans 
infrequent; relatively easy to generate structure for 
rotation with other crops; found usually at higher 
levels along estuarian valley or near sandy cheniers in 
the littoral zone. Level of management (nutrients and 
water) required for high rice yields is higher than in 
L or C soils.
L = uniform loamy soil: <35% clay but not loamy sand or
sand. Medium infiltration, medium water-holding
capacity, usually easy to puddle, more productive than 
S soil and less than C soil, provided the same 
fertility problems.
C = uniform clayey soil: >35% clay. Low infiltration
rate, high water-holding capacity, easy to puddle and 
difficult to generate or regenerate structure, traffic 
pan not common. Generally higher productivity for rice 
than L or S soils, provided the same condition 
modifiers are similar.
LC = loamy topsoil overlaying clayey substratum. Higher
initial infiltration rate, high water-holding capacity, 
very suitable for rice.
CL = clayey topsoil overlying loamy substratum. Lower
initial infiltration rate, medium to high water-holding 
capacity, suitable for rice as well.
LS = loamy topsoil overlying sandy substratum. Medium
initial infiltration rate that increases with depth, 
high risk of nutrient percolation, less suitable for 
rice.
Modifiers"
g = (gley) = soil or mottles <2 chroma within 60 cm of the 
soil surface and below all Al horizons, or soil 
saturated with water for 3-4 months in most years. 
Preferred moisture regime for rice cultivation under 
rain fed conditions, 
g* = (gley) = soil with gray, greenish-gray or dark
greenish-gray color within 60 cm of the soil surface 
due to permanent submergence; may cause Zn deficiency, 
d = (dry) = topsoil moisture limited during the dry season, 
unless irrigated. Only one rain-fed rice crop can be 
grown a year.
e = (low cation exchange capacity): sum of bases makes up
less than 50% of the CEC, old drained soils with low
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Table 22 (cont'd.)
organic matter content, 
a = aluminum toxicity will occur in aerobic layers or >60% 
Al-saturation of the effective CEC within 60 cm of the 
soil surface.
b = N deficiency (total N <1% within 25 cm of the surface). 
V = soil will shrink ?ind crack when dry, causing excessive 
percolation losses afterwards; easy to puddle but 
difficult to regenerate structure, 
s = (salinity): EC >0.4 Sm"̂  measured in a saturated
extract at 25°C within 60 cm of the soil surface. 
Drainage and permanent protection from seawater 
invasion at high tides is needed, 
c = actual or potential acid-sulfate soils causing Fe and S 
toxicity when anaerobic and Al toxicity when aerobic, 
n = (sodic): >15% Na-saturation of CEC within 60 cm of the
soil surface. Drainage and gypsum applications needed.
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2. Some minor differences exist in the interpretation 
as well, due to some specific soil 
characteristics.
3. Organic soils are excluded as a soil type and the 
number of modifiers is reduced to 11.
Conclusion
The mangrove soil series along the Guinea coast can be 
classified in two groups:
1. The seasonally flooded series: have been drained
and permanently protected from saltwater 
intrusion. Except for the Kitikata soil, these 
soils are neither actual nor potential acid 
sulfate or saline. Their clayey, loamy, clay 
loamy or loamy clay texture make them very 
suitable for rice cultivation. Some paddification 
has occurred in the old drained soils. However, 
successful rice production on these soils is 
hampered by some serious fertility constraints in 
terms of the nutrient supply capacity. These 
constraints vary from one series to another. They 
result from a high heterogeneity in chemical 
properties that has been observed not only from 
one soil to another but also from one layer to 
another within the same soil profile. The major
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constraints include low ECEC, high A1 saturation, 
imbalanced nutrient status, high S and possible Fe 
toxicity upon flooding- Additionally, high ESP 
and high salinity were observed for the newly- 
drained soils. Limited moisture in the topsoil 
during the dry season allows only one rain-fed 
rice crop per year. Double cropping is possible 
if irrigated.
The permanently flooded series: are potential
acid sulfate soils. These soils contain 
appreciable amounts of metabolizable sulfur 
compounds (except the Koba series). If allowed to 
oxidize, ultra-acidity conditions that are harmful 
to plant life are probable. The soils are also 
distinguished by high salinity and ESP, a nutrient 
imbalance, high A1 saturation, potential Al 
toxicity upon oxidation, and S and Fe toxicity. 
Texturally, they are very suitable for rice 
cultivation.
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CHAPTER I I I
RECLAMATION AND FERTILITY MANAGEMENT OF THE MANGROVE
SOILS OF GUINEA FOR "RICE-BASED" CROPPING SEQUENCES
Soil fertility refers to the ability of a soil to 
deliver to roots the nutrients indispensable for the optimum 
growth and development of a specific crop (Lian, 1989).
This ability is based on: (1) the presence in the soil of
an adequate supply of nutrients easily assimilable by plant 
roots, (2) the soil's capacity to sustain this supply 
according to the plant need, and (3) the absence of 
substances susceptible to interfere negatively with nutrient 
absorption (Ponnamperuma, 1985). Fertility management of 
acid sulfate soils to increase rice yield must consider 
hydrology, climate, inherent soil characters, the 
interaction of these characters with the environment's 
specific soil chemical conditions, and the management 
practices to which the soil is being subjected. It is 
equally important to take into account the resources 
available and costs versus the expected economic benefit 
(Lian, 1989).
The dominant fertility factors affecting rice 
production on the mangrove soils along the Guinea coast have 
been identified and discussed in chapter two. High 
potential acidy, high salinity, imbalanced nutrient status, 
low CEC, and high Al, Fe, and S toxicity potential are found
89
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to be major constraints in the permanently flooded soils.
The major restricting factors in the seasonally flooded 
soils are poor water and soil management, nutrient 
imbalance, low ECEC, and high Al saturation. These 
restricting factors must be corrected to make rice 
production an economical activity in the region.
Brief Overview of Rice Management Systems
Several integrated methods have been used to improve 
acid sulfate soils. These include water management 
(irrigation and/or drainage), lime, application of chemical 
fertilizers together with cultural practices, such as crop 
rotation and the use of resistant rice varieties.
Some of the management techniques consist of :
Transplanting mature rice seedlings just before 
deep flooding to cope with deep flooding in the 
tidal marshes (potential acid sulfate soils) where 
no water level control is available. This takes 
place usually about 6 weeks after sowing and it 
prevents the potential acid sulfate soil from 
oxidizing (Driessen and Ismangum, 1973). 
Broadcasting pre-germinated seeds just before 
flooding to reduce the risk of Al toxicity that is 
inherent to the traditional broadcasting on dry
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land (van Breemen and Pons, 1978). This method is 
practiced in the areas that are non-tidal. 
Transplanting seedlings of high yielding, non- 
sensitive-to-photoperiod variations into flooded 
soils after the flood water recede. This practice 
helps avoid the period of low pH and Al toxicity 
that normally exists under dry conditions (Dent,
1986). In these conditions, rice yields have been 
reported to reach 5-6 t ha'̂  in Thailand (Xuan et 
al., 1982). However, the most harmful risk to 
this practice is the irregularities in the 
duration of the rainy season period.
Growing rice on raised beds (about 9 m wide and 36 
m long), drained by an intensive network of broad, 
shallow ditches (about 1 m wide and 0.3 to 0.6 m 
deep). This method is used in young acid sulfate 
soils with jarosite present at 30-50 cm below the 
surface. During the dry season, oxidation and 
acidification occur. Leaching commences with the 
first heavy rains. Drainage water, containing 
dissolved oxidation products, is collected in the 
ditches and drained to the river at low tide.
This leaching cycle is repeated two or three times 
before the whole region is flooded by the river. 
After the soil is flooded, the reduction process 
will raise soil pH and further decrease the level
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of soluble aluminum prior to transplanting. This 
method allows yields of about 4 t ha (Dent, 1986). 
The use of saline- and acid-tolerant varieties and 
the transplanting of large seedlings will 
counteract toxicity as well.
Draining and leaching to improve acid sulfate 
soils: van Breemen (1976) recommended maximum
feasible drainage to achieve oxidation, then 
leaching with water or seawater to remove most of 
the dissolved acidity. However, the time required 
for complete oxidation of pyrite in the rooting 
zone should be kept in mind (Dent, 1986) .
Liming is known as an effective mean raise soil pH 
and thus reduce levels of plant-available toxic 
aluminum. But, it is seldom economical in West 
Africa. In Sierra Leone, yields of 2 t ha" were 
obtained with a 5 t ha" lime application. In 
Thailand, liming is recommended in amounts just 
sufficient to inactivate Al (Komes, 1973b). Toure 
(1982) found leaching more beneficial than liming 
and any other amendments in a Typic Sulfaquent 
rich in organic matter with a high C:N ratio.
Although rice is recognized as a moderately tolerant 
crop to salinity, an EC of 0.6-1.0 Sm"̂  is reported to 
result in 50% decrease in field (Moormann and van Breemen, 
1978; Yoshida, 1981). Stunted growth, reduced tillering.
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whitish leaf tips, and frequent chlorotic parts on the 
leaves are reported to be the specific symptoms of salt 
injury in the rice plant (Brinkman and Singh, 1982).
Protection by dikes is the more common solution to 
protect coastal ricelands from marine salinity. However, 
blocking the entry of saltwater will lower the water table 
during the dry season and cause severe acidification if the 
soil contains sulfidic material. Studies have demonstrated 
that rice yield can be increased on salt affected soils by 
correcting the accessory growth-limiting factors and by 
selecting short-duration, salt-tolerant rices in the dry 
season and intermediate-saturated, salt-tolerant rices that 
have submergence tolerance in the wet season (Akbar and 
Ponnamperuma, 1982).
The reduction of Fê ' to Fe'‘ is a consequence of 
anaerobic microbial metabolism, the rate of which depends on 
the content and type of organic matter, constant 
temperature, and pH (Ottow, 1981). Its toxicity to rice 
plants is often related to a multiple nutritional stress, 
i.e., insufficient supply of K, P, and Zn and sometimes Ca 
and Mg rather than to a high level of active Fe (Ottow et 
al., 1983). Purplish-brown discoloration (bronzing), 
yellowish to orange discoloration, slow growth and 
tillering, short and stained brown or reddish root system 
are specific symptoms of iron toxicity of rice (Ponnamperuma 
et al., 1955; Tanaka and Yoshiba, 1970). Iron toxicity can
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be corrected by drainage or prolonged submergence to 
increase pH, liming, and using varietal tolerance (Neue and 
Mamaril, 1985).
Hydrogen sulfide toxicity in flooded soils results from 
the microbial reduction of sulfates. Its toxic effect 
consists of decreasing the oxidative power of the roots and 
induces Fê * toxicity (Tanaka et al., 1968). H^S toxicity is 
likely to occur at pH between 6.5 and 8.5 at a redox 
potential of about -150 mV and lower (Connell and Patrick, 
1968, 1969). Such conditions may exist in young acid 
sulfate soils (Moormann and van Breemen, 1978). Thus, in 
correcting H^S toxicity, liming to raise the pH above 5.2 in 
flooded conditions might be recommended.
Nitrogen deficiency is an important limiting factor in 
rice production. In lowland (irrigated and rain-fed) rice 
production, the use of a responsive variety, high N rates 
application, and good timing are essential to ensure yield 
increase.
DeDatta (1985) reported that IR 42 uses both soil and 
fertilizer N more efficiently than IR 35, the most widely 
grown variety worldwide.
Deep point N placement has been found to give the 
highest yield (6.4 t/ha) with an efficiency of 51 kg rough 
rice/Kg N and N recovery as high as 75 g/kg (Zhi-hong et 
al., 1984). Patrick (1982) outlined that the greatest N 
fertilizer efficiency is usually obtained by deep placement
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of N-NH, fertilizers followed by immediate and permanent 
flooding for most of the growing season. Volatilization, 
denitrification, immobilization, and leaching may account 
for 60% of the N losses from applied N fertilizers (DeDatta,
1987).
Phosphorous is vital to nitrogen fixing free-living 
organisms and plants (Neue, 1989). Its presence in adequate 
and soluble form prevents the rice plant from excess Fe''
uptake (Van Mensvoort et al., 1985). Upon flooding, the pH
of the reduced acid soils generally rises towards neutral, 
which increases the solubility of Fe and Al phosphorous 
(Neue, 1989). This is the reason why rice seldom responds 
to P application.
Potassium deficiency in flooded rice soils are less 
common than N or P. The clayey and relatively young parent
material of most flooded rice soils account for the good
potassium supply. However, K applications are sometimes 
necessary, especially if the entire crop is removed from the 
land (Neue, 1989). Flooding and puddling during soil 
preparation may considerably increase K concentration in the 
soil solution. This results from the displacement of 
exchangeable K by abundant Fe'' and Mn" in the soil solution 
(Ponnamperuma, 1978). However, an exchangeable K<100 mg/kg 
is considered deficient (Luo-Zhi-Chao et al., 1981).
Calcium deficiency is rarely seen on lowland rice 
plants because most of the rice soils (Entisols and
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Inceptisols) are rich in Ca and Mg. However, discoloration 
of new leaves and deformation of leaf tips are specific 
symptoms of Ca deficiency on rice. Liming contributes to 
lessen this deficiency (Greenland and DeDatta, 1985).
Mangrove Ricelands of Guinea:
Description, Constraints, and Improvement
Description
Based on their actual hydrological conditions, the 
mangrove ricelands along the Guinea coast can be divided 
into two groups— seasonally flooded soils and permanently 
submerged soils.
Seasonallv flooded soils
Seasonally flooded soils comprise soils that have been 
drained and permanently protected from saltwater intrusion 
(the Mintany, Madina, Gambian, Taborea, and Kitikata soil 
series). These soils are subjected to fresh rainwater 
flooding during the wet season (mid-June to mid-November) 
and drying during the dry season (December-May). Water 
tables fluctuate between 50 and 150 cm, depending on the 
local microtopography and soil texture. However, the 
redoximorphic characteristics appear in the subsoil in most 
of the profiles between 15-30 cm depth. The substratum in 
these soils is characterized by the presence of distinct
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mottles with chroma ranging from 1 to 8 (see profile 
description in Appendix). Two of the soils (the Mintany and 
Gambian soils) crack during the dry season. Some of the 
cracks extend to more than 50 cm depth following the 
slickensides.
Permanently submerged soils
Permanently submerged soils comprise virgin mangrove 
soils and those soils that are still used for traditional 
rice production (the Kitikata, Dentema, Pogolon, Doniah, and 
Koba soil series). These soils are subjected to daily 
saltwater submersion at high tides during the dry season and 
fresh/brackish water flooding during the wet season. They 
are slightly or not developed. The surface horizon is dark 
gray (N4), massive, and unripe clay or dark greenish-gray 
(5BG 4/1) unripe clay with few distinct mottles. Those near 
the continental plateau (the Pogolon soil series) are 
composed of pale brown (lOYR 5/3), structureless, loamy 
coarse sand.
Cultural Practices in Use
The seasonally flooded soils are exclusively used for 
deep-flooded— and the permanently flooded ones for tidal 
marsh— rice cultivation. During the growing season, tidal 
marshes are partially protected from seawater intrusion by 
temporary ditches. The routine management and agronomic
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practices for traditional rice production on these soils 
consist of: (1) flushing and leaching the salt by rainwater
and flood-swollen streams, (2) manually incorporating weeds 
and previous rice straw into the topsoil using a hoe, and 
(3) transplanting the paddy from nurseries. The average 
yield is about 1 to 1.5 t/ha. However, under good cropping 
conditions it is possible to obtain 2.5 to 3 t/ha. Neither 
lime nor fertilizer are used. The dependence on yearly 
flushing before transplanting causes failures in years of 
insufficient rainfall. This is one of the most, if not the 
most, negative aspects of the traditional rice production in 
the region. At the rice research station of Koba, 
construction of a system of dikes and canals to prevent 
saltwater intrusion at high tide and permit removal of 
excess flood water during the wet season have been 
considered as a means of increasing rice production and 
improving the economic status of these areas since the 
1950's. However, the system became less efficient because 
of a lack of good maintenance.
Constraints
The fertility capability classification study (Chapter 
two) was dedicated to relate these mangrove ricelands along 
the Guinea coast to their actual and specific fertility 
constraints. Results from this study are provided in Tables 
23 and 24 and their interpretations are in Table 16.
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Table 23. FCC of the seasonally flooded rice mangrove paddy
soils of Guinea.
Parameters Soil series
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legend: + = presence of this characteristic
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Table 24. FCC of the permanently flooded rice mangrove
paddy soils of Guinea.
Parameters Soil series
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a + + +
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V +
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legend: + = presence of this characteristic
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The FCC results provided in Table 23 relate each of the 
seasonally flooded series to its specific fertility 
constraints. They show that:
1. the Madina, Gambian, and Taborea soilr have low 
ECEC (< 12 cmol/kg) and low (<40%) base 
saturation 7
2. the Mintany and Kitikata soils are saline, i.e.,
EC > 0.4 Sm'S*
3. the Mintany and Madina soils have high ESP (>15);
4. the Mintany and Madina soils are deficient in N 
(total N < 0.1 g/kg); and
5. the Kitikata soil is an acid sulfate soil and has 
high Al saturation (> 50%).
Besides the soil chemical properties constraints, poor 
water control is a common denominator for these soils.
Excess drying during the dry season causes surface cracking 
in the Mintany and Gambian soils. Deep submergence of 
seedlings, due to flash floods and impeded drainage during 
the initial stages of crop establishment, causes high 
mortality of seedlings in the region. The absence of both 
actual and potential sulfate acidity in these soils may 
result from reclamation/management practices to which these 
soils have been subjected since the 1950 ŝ. Drainage and 
permanent protection of these soils from seawater intrusion 
and natural flushing and/or leaching during the wet season 
and continual paddy rice cultivation have allowed maximum
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oxidation of the sulfidic material and removal of oxidation 
products. The soil is acid, but not so low as to restrict 
rice growth.
Similarly, results provided in Table 24 show thaL the 
permanently flooded soils are:
1. potential acid sulfate soils (except the Koba 
soils). These soils contain appreciable amounts 
of sulfur compounds that, upon oxidation, 
contribute to the development of ultra-acidity, 
causing Al toxicity when aerobic and Ĥ S (and 
possible FE) toxicity when anaerobic;
2. have low ECEC and low base saturation (the Pogolon 
and Doniah soils); and
3. have high ESP (except the Kindiadi soils) and high 
salinity.
The Pogolon soil is deficient in N, has low ECEC, and the 
subsoil is coarse sandy loam. The Doniah soil has vertic 
properties.
A Tentative Improvement Plan
Seasonallv Flooded Soils
Water management
In the seasonally flooded soils, water management will 
consist of controlling flood waters. Construction and 
maintenance of a good system of dikes and canals in the Koba
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and Monchon regions are necessary- At the beginning of the 
wet season, dikes will be closed to collect the first heavy 
rains. These will be systematically distributed over the 
paddies to dissolve salts that accumulated during the dry 
season. After the first week of submergence, dikes and 
canals will be opened at low tide to drain the flush water. 
Puddling will follow.
The amount of water from the following rains will be 
controlled and the excess removed regularly as needed to 
avoid deep flooding by opening dikes at low tides. This 
practice will be very efficient in preventing young 
seedlings from the harmful effects of flash floods and deep 
submergence, especially for rice varieties that are not 
deep-flood resistant. In years of insufficient rainfall, 
the dikes and canals will remain closed so that the crop can 
take advantage of the stored water. In so doing, the soil 
also is prevented from premature oxidation that could result 
in a decrease in yield as a consequence of Al toxicity 
induced by an eventual pH drop. As mentioned earlier, this 
practice was initiated at the rice research station area in 
the Koba region, but the lack of maintenance has made the 
system non-operational.
Soil management practices
Proposed cultural practices consist of mechanized 
plowing immediately following the harvesting. This
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management practice is of extreme importance. In the 
traditional rice production, farmers incorporate annual 
weeds and rice straw into the topsoil after the soil has 
been saturated at the beginning of the rainy season. The 
major characteristic of a saturated/flooded soil is the 
depletion of 0̂  throughout most of the root zone (Patrick, 
1982). This lack of 0̂  decreases the decomposition rate of 
the incorporated organic materials. Since the soil is 
maintained in a flooded (reduced) condition for most of the 
growing season, rice takes very little— if any at all—  
advantage from the nutrient elements resulting from the 
decomposition of these organic compounds. The effective 
decomposition of these materials takes place at the outset 
of the dry season (November, December, and January). Under 
these conditions, most of the organic-derived N is lost 
either by denitrification in the form of N-NHj or by 
leaching.
Mechanized soil surface plowing and incorporation of 
rice straw just after harvesting to form a surface mulch 
will: (1) prevent soil surface from cracking; (2) decrease
evaporation, preventing at the same time eventual salt 
accumulation on the soil surface during the dry season; (3) 
maintain the water table at higher levels; and (4) allow the 
decomposition of rice straw so that rice plants can take 
advantage of the cycled nutrients during the next growing 
season. The reduction or prevention of the salt
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accumulation will lessen the need for the leach/flush before
puddling. Thus, rice seed/seedlings can be
broadcasted/transplanted as soon as the soil is puddled.
This will save/provide additional water for the crop, 
especially during those years of lower than normal rainfall. 
The recycling of plant nutrients by returning crop residues 
into the soil is recognized as an important practice to 
maintain soil fertility. The efficient use of crop residues 
can decrease, to a large extent, the need for chemical 
fertilizers as well. In Japan, rice straw has been 
customarily returned to soil as a means to maintain the 
fertility of paddy soil (Kai et al., 1981).
The Kumba stream, on the other hand, offers 
possibilities of building a water-holding barrage to retain 
sufficient rain waters during the wet season and irrigate 
some areas (if not all) of the Monchon coastal plains during 
the dry season. Similarly, the waters retained in the Koba 
barrage that were used to irrigate the former sugarcane 
field can be used to irrigate the Koba plains during the dry 
season. Under these conditions, it will be possible to 
rotate rice with vegetables, such as cabbage and/or 
watermelon. Rice could be grown exclusively during the wet 
season and the vegetables during the dry season. However, 
given the prevailing economical conditions, this is only a 
speculation. A regional economic investment must be made in
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and for these water sources to be available during the dry 
season.
Fertilization
Data provided in Table 17 corroborate observations by 
Lian (1989), confirming that N is the most deficient (> 0.1 
g/kg) element in the soils. Consequently, yield response to 
N fertilization is expected to be the highest in these 
mangrove ricelands of Guinea. Lian reported that yield 
response to N application has been maintained in Taiwan over 
many years even though there has been losses of N from both 
soil-N and added-N. To a large extent, imbalanced nutrient 
status characterizing mangrove soils along the Guinea coast 
can be attributed to nitrogen deficiency.
We suggest partially limiting fertilization to the use 
of N fertilizer. The use of sulfur-containing fertilizer 
should not be needed because S is in plentiful supply. Urea 
(CO(NH,)j) is the recommended source of N followed by 
ammonium nitrate (NH^NOj). Experiments are needed to 
determine the application rates, method and time of 
application in relationship to the rice varieties used. 
However, deep point placement of 60 to 80 kg of N in the 
form of C0 (NH2 ) 3 in a single application, just after the 
soil has been puddled and before transplanting or sowing 
without any standing water is recommended for the lower 
areas.
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In the relatively higher area, the current rates and 
method of placement can be maintained. It is recommended 
that the fertilizer be split into two applications. Two- 
thirds of N should be applied just before transplanting and 
the remaining one-third' as a top dressing into a flood water 
(not exceeding 5 cm depth) 10 days before panicule 
initiation. This practice will increase N-use efficiency in 
these areas, especially if the soil has been subjected to 
aeration that could lead to nitrification and nitrate 
leaching. This fertilization method in an irrigated 
condition increased the yield by 400 kg/ha by farmers in the 
Philippines (DeDatta, 1985).
Data (Table 17) support that the P content is adequate 
(>11 mg/kg) in these soils and K is reported not be a 
problem in lowland rice cultivation (Greenland and DeDatta, 
1985). However, we recommend these two nutrient elements be 
included in an experiment (as outlined earlier) together 
with N to confirm that they are sufficient in these soils.
Liming
The pH data (Tables 15 and 16) show that these soils 
are acid, but the acidity is not low enough to restrict rice 
cultivation on these plains. An increase in pH that occurs 
as a consequence of flooding contributes to lessen the 
acidity problems. However, some of these soils (the Madina, 
Gambian, and Taborea soils) have low exchangeable bases.
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specifically Ca. A use of moderate amounts of lime, 
depending on its availability, would contribute not only to 
inactivate eventual excess of Al ions but also to increase 
t^e Ca content in these soils.
Permanentlv Flooded Soils
The major management activity for these soils is to 
reclaim them. Reclamation will consist of draining and 
permanently protecting them from seawater intrusion. This 
is then accomplished by constructing a dam using farm labor 
and lateritic earthy materials from the uplands. It will be 
necessary to establish drainage channels and dikes. The dam 
will protect the soil from seawater submergence while 
drainage waters will be collected in the channels and 
discharged by opening dikes during low tide. This process 
will help accelerate air penetration in the soil, activate 
oxidation processes and decrease the salt accumulation 
potential. Abundant rainwater (350 cm in 5-6 months) will 
dissolve, leach, and/or flush out oxidation products that 
have accumulated during the preceding dry season. In so 
doing, a 4-6-year period will suffice to achieve maximum 
oxidation of the underlying sulfidic materials and removal 
of the oxidation products. These soils, then, free of 
actual or potential acidity, can be subjected to the same 
water and fertility management practices as described 
earlier. This reclamation method is certainly time
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consuming but it is very efficient. It is intended to 
permanently solve the potential sulfate acidity problem.
Due to its sandy nature (60-80% of sand throughout the 
profile} and its poorest fertility level, we suggest not 
using the Pogolon soils for rice cultivation.
Research and Interdisciplinary 
Collaboration Needed
Plant-water-soil interaction constraints are serious 
obstacles to rice economics. Their removal is indispensable 
if low-income countries, where rice is the staple food, are 
to produce enough to feed their population. The success in 
this undertaking suggests at the same time the use of 
performant cultivars able to totally express their yield 
potential. This performance includes insect-, disease-, 
flood-, and drought-resistance, soil stress tolerance and 
fertilizer and water use efficiency. Climatic variations 
from one year to another are difficult to predict and to 
manage. It is thus equally necessary to develop and use 
rice varieties with shorter vegetative cycles. The wide 
genetic variability of rice, which makes it able to tolerate 
a wide range of soil stress, has been established (Neue et 
al., 1988). We feel that teams of interdisciplinary 
scientists from national programs, in collaboration with 
specialized centers in rice research, such as IRRI, can take
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a lead in accelerating the utilization of this genetic 
potential of the rice plant. This program must be in 
conjunction with the application of the management practices 
outlined above tc overcome most (if not all) of the yield- 
limiting constraints of these soils. Some of the 
traditional varieties, such as the deepwater varieties, are 
among the more (if not the most) performant varieties in 
deep flooding conditions. Hybridization to improve grain 
quality and yield potential of these varieties is necessary. 
A more dedicated effort is needed to upgrade research to 
obtain a better understanding of the plant-water-soil 
interaction mechanisms in adverse soil chemical conditions. 
More adaptive and applied research is needed to develop low- 
cost and locality-specific technologies susceptible to 
ensure the sustainability of continuous food production 
oriented towards integrated farming systems. Further 
research and monitoring on the effect of variations in the 
management practices and soil properties are indispensable.
Conclusion
Adequate soil reclamation and/or its fertility 
management for rice production can only be developed if rice 
soils are sufficiently characterized in terms of their 
hydrological, physico-biochemical, and morphological 
properties and subsequently related to their specific
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fertility constraints. Hydrological differences are key 
sources of dissemblance between soils in terms of their 
biochemical properties.
Poor water control/manaaement, inappropriate cultural 
practices, nutrient imbalance, low ECEC and high Al 
saturation, and S toxicity upon flooding are actually the 
essential fertility/management problems in the seasonally 
flooded soils.
Establishment of a system of dikes and canals is 
essential to control flood waters during the wet season.
Good water control will help alleviate Al toxicity and weed 
problems. Mechanized plowing and incorporation of rice 
straw into the topsoil just after harvesting is strongly 
recommended. This practice is seen as a powerful means to 
ensure the sustainability of continuous food production on 
these soils by maintaining their fertility. It is, in 
addition, a useful tool to decrease water evaporation salt 
accumulation on the soil surface during the dry season.
This maintains the microbial activity in the topsoil.
Nitrogen is the most limiting nutrient element in these 
soils. Deep-point placement of 60-80 kg/ha of COCNHz); just 
before transplanting is suggested. Although P and K content 
are likely adequate in these soils for the time being, we 
suggest that field experiments on the use and rate of N P K 
on the rice yield should be conducted and monitored. The
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use of small rates of lime (if available) is recommended for 
those very acid soils.
High sulfate acidity potential, high salinity, 
imbalanced nutrient status associated with low ECEC, high A1 
toxicity potential (upon drying), and S and possible Fe 
toxicity are the major constraints in the permanently 
flooded soils. These soils should be drained and protected 
from saltwater intrusion. After they have been reclaimed 
from sulfate acidity, they can be subjected to the same 
fertility management as recommended above.
Finally, the success of growing rice in these plains 
suggests equally the use of weed-, disease-, drought-, and 
soil stress-resistance and high yield potential rice 
cultivars. More adaptive and applied research is needed to: 
(1) broaden our understanding of plant-water-soil 
interaction in adverse soil chemical conditions, and (2) to 
develop low-cost and locality-adaptive technologies able to 
ensure sustainability of food production on these plains.
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SUMMARY AND CONCLUSIONS
The mangrove paddy soils along the Guinea coast have 
developed from two geo-pedomorphic settings: estuary and
littoral plains. Estuary mangrove soils develop in an 
abundant racemosa peat, a sulfur-rich organic material 
derived from Rhizophora mangrove species (Rhizophora racemosa) .
This material is the source (sulfidic material) of the 
potential sulfate acidity characterizing these soils-
Littoral mangrove soils developed in mud flats negated 
with Avicenia mangrove species {Avicenia nicida) between sandy 
cheniers or behind sandy strands. These might be underlaid 
by coquineous (calcareous) materials and contain variable 
amounts of sulfidic material, depending on specific mangrove 
succession history in the area, local geomorphic processes, 
and microtopography. Under traditional rice cultivation, 
these soils are subjected to daily saltwater submergence at 
high tides during the dry season and freshwater flooding 
during the wet season.
Thee soils have been drained and permanently protected 
these soils from seawater intrusion since the 1950's.
Natural flushing combined with the leaching of salts and 
acid products and continuous paddy rice production has 
resulted in the development of various soil types. Soils 
developed on slightly elevated that have been drained for 
several years are classified as Typic Endoaquerts. The
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soils developed in the recently drained areas are classified 
as Typic or acid Typic Endoaquepts. Those currently 
undergoing intensive reclamation activities classify with 
Hydraquentic Sulfaquepts. The soils that are managed ucing 
traditional rice technology and those evolving under virgin 
mangrove classify as Typic Sulfaquents or Typic Hydraquents.
However, some of these soils have agronomic restrictive 
characteristics, high exchangeable sodium saturation (ESP 
>15) in at least one horizon within the control section. In 
addition, few of them, especially those near the sandy 
cheniers, have more than 50% of sand in all or most of the 
subhorizons. For these reasons, "Sodic" subgroups for 
Endoaquerts and Endoaquepts and "Psammentic" for Sulfaquents 
are proposed.
A fertility capability classification (FCC) relating 
the soils to their actual and specific fertility constraints 
in terms of the nutrition supply capacity, resulted in two 
groupings (or categories): the seasonally flooded and the 
permanently flooded soils. The seasonally flooded soils 
include those that have been drained and permanently 
protected from seawater intrusion. These soils are not:
(1) saline, (2) acid sulfate, nor (3) potential acid 
sulfates. Their clayey, loamy, clay loamy, or loamy clay 
texture make them very suitable for rice cultivation. Some 
paddification has occurred in the soils that have been 
drained for several years. However, successful rice
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production on these soils is still limited by some serious 
fertility constraints in terms of their ability to supply 
nutrient in sufficient quantities. These constraints vary 
from one soil series to another. There is a high 
heterogeneity in chemical properties both among and within 
the soils. The major constraints include low ECEC, high A1 
saturation, imbalanced nutrient status, and high S and, 
possibly, Fe toxicity when flooded. High ESP and salinity 
were observed in the recently drained soils. Limited 
moisture in the topsoil during the dry season allows only 
one rain-fed rice crop per year. Double cropping is 
possible if irrigated.
The permanently flooded soils include those that are 
cultivated using traditional methods and implements and 
those under virgin mangrove. They are potentially acid 
sulfate soils. They contain appreciable amounts of 
metabolizable sulfur compounds (except the Koba soil). If
oxidation occurs, ultra-acidity conditions that are harmful 
to plant life are probable. These soils are also 
distinguished by high salinity and ESP, a nutrient 
imbalance, high A1 saturation and potential A1 toxicity when 
oxidized, and S and Fe toxicity. Like the seasonally 
flooded ones, these soils are texturally very suitable for
rice cultivation (except the Pogolon soil). The present 
management system include: poor water control/management,
inappropriate cultural practices, and the use of less
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
1 1 6
resistant and low-yielding traditional rice varieties.
These agronomic practices intensify the soil constraints.
In the seasonally flooded soils, the establishment of a 
system of dikes and canals is suggested to efficiently 
control flood waters during the wet season. Good water 
control will help alleviate Al toxicity and weed problems. 
Mechanized plowing and incorporation of rice straw in the 
topsoil just after harvesting is strongly recommended. This 
practice is seen as a powerful means to ensure the 
sustainability of continuous food production on these soils 
by maintaining their fertility. It is, in addition, a 
useful tool to decrease salt accumulation on the soil 
surface and water evaporation during the dry season.
Nitrogen is the most limiting nutrient element in these 
soils. Deep point placement of 60-80 kg/ha of urea 
(CO(NH;),) just before transplanting is suggested. Although 
P and K contents are likely adequate in these soils for the 
time being, we suggest that field experiments on the effects 
of the use and application rate of N P K on the rice yield 
be conducted and monitored. The use of small doses of lime 
(if available) would be beneficial.
The permanently flooded soils must be drained and 
protected from saltwater intrusion. After they have been 
reclaimed from sulfate acidity, they can be subjected to the 
same fertility management practices as recommended above.
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Finally, the success of growing rice and increasing the 
yields on these coastal plains soils depends on the ability 
to technologically transfer the use of weed-, disease-, 
drought-, and soil stress-resistant and high yield potential 
rice cultivars. More adaptive and applied research is 
needed to develop low-cost and locality-adaptive 
technologies able to ensure sustainability of food 
production on these soils so as to protect the environment 
and ensure that there will be sustainable agriculture for 
future generations.
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PROFILE: S90Gui-l (the Kindiadi series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse at low tide.
PHYSIOGRAPHY: Mangrove estuarian swamp.
ELEVATION: 3.0 meters
WATERTABLE: 65 cm (low tide)
VEGETATION: 90% Avicenia, 10% Rhizophora (original)
CLASSIFICATION: Fine, mixed, isohyperthermic, Typic
Sulfaquents.
DESCRIPTION
Ag— 0 to 7 cm: Dark gray (N/4) clay, unripe (n>1.5) 
many medium and fine fibrous Avicenia roots, thin (2 to 5 
mm) dark grayish brown (2.5 Y 4/2) and dark brown (2.5 Y 
4/4) oxidized crust, medium acid, (pH = 5.9 reduced, 3.6 
oxidized), abrupt smooth boundary.
Cgl— 7 to 23 cm: Dark greenish gray (5BG4/1) clay, 
unripe (n> 1.5) many coarse live Avicenia roots (0.5 to 1 cm 
diameter 60% by volume) medium acid (pH = 5.8 reduced, 3.1 
oxidized), clear smooth boundary.
Cg2—  23 to 44 cm: Dark greenish gray (5BG4/1) clay, 
unripe (n> 1.5) many fine and medium fibrous roots (20% 
unrubbed), <1% rubbed) and few coarse roots (rhizophora), 
medium acid, (pH = 5.9 reduced, 2.8 oxidized), clear smooth 
boundary.
Cg3— 44 to 60 cm: Dark greenish gray (5BG4/1) clay, 
unripe (n> 1.5), many, fine fibrous roots, and few coarse 
roots, (20% unrubbed, < 1% rubbed, medium acid (pH = 5.9 
reduced, 2.8 oxidized), gradual smooth boundary.
Cg4— 60 to 100 cm: Dark greenish gray (5BG4/1) clay, 
unripe (n> 1.5) common fine fibrous roots, (10% unrubbed, < 
1% rubbed), acid (pH = 6.0 reduced, 3.2 oxidized), gradual 
smooth boundary, (auger sample).
Cg5— 100 to 150 cm: Dark greenish gray (5BG4/1) clay,
unripe (n> 1.5) common fine fibrous roots, (10% unrubbed, < 
1% rubbed), slightly acid (pH = 6.1, reduced, 3.1 oxidized), 
gradual smooth boundary, (auger sample).
126
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PROFILE: S90Gui-2 (the Dentema series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W- H. Hudnall and Sekou Cisse at
low tide.
TOPOGRAPHIC SETTING: Partially protected estuary tidal
plain
ELEVATION: Approximately 3-0 meters
WATER TABLE: 65 cm (low tide)
VEGETATION: Cleared mangrove (Rhizophora) no
vegetation at date of 
sampling.
CLASSIFICATION: Fine, mixed, isohyperthermic, Typic
(Sodic)* Sulfaquent.
DESCRIPTION
Ap— 0 to 7 cm: Dark gray (N4) clay, coarse polygons
2.5 to 10 cm in diameter, internal structure is 
structureless, massive, many, fine roots, mottled horizon 
common, medium, prominent brown (7.5 YR 4/4) few, fine 
prominent olive yellow (5 Y 6/8) very strongly acid (pH =
5.0 reduced, 2.9 oxidized), abrupt smooth boundary.
Bgj— 7 to 18 cm: Dark greenish gray (5 BG 4/2 ) clay,
unripe (n> 0.7) many, coarse, prominent jarosite mottles 
yellow (5 Y 7/6) and olive yellow (5 Y 6/8) many fine roots, 
very strongly acid (pH = 5.0 reduced, 3.3 oxidized), clear 
smooth boundary.
Cgl— 18 to 50 cm: Dark greenish gray (5 BG 4/1) clay,
unripe (n ' 1.5), many, fine fibrous root (5-10%) unrubbed, 
1% rubbed, strongly acid, (pH = 5.5 reduced, 3.2 oxidized), 
gradual smooth boundary.
Cg2— 50 to 75 cm: Dark greenish gray (5 BG 4/1) clay,
unripe (n ~ 1.5) common, coarse rhizophora roots (3-5%) 
unrubbed, 1% rubbed, medium acid, (pH = 5.7 reduced, 2.9 
oxidized), gradual smooth boundary.
Cg3— 75 to 100 cm: Dark greenish gray (5 BG 4/1) clay,
unripe (n « 1.5), few, fine roots 1 to 2% unrubbed, 0% 
rubbed, medium acid (pH = 5.8 reduced, 3.2 oxidized) gradual 
smooth boundary.
Cg4— 100 to 150 cm: Dark greenish gray (5 BG 4/1)
clay, unripe (n « 1.5) few fine roots, few, coarse distinct 
mottles, medium acid (pH = 5.9 reduced, 3.3 oxidized) (auger 
sample).
* = proposed terminology for the "subgroup"
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PROFILE: S90Gui-3 (the Pogolon series)
DESCRIBED: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse
TOPOGRAPHY: Estuarian valley, partially protected
from tidal fluctuation by a dam.
LAND USE: Rice
ELEVATION: 3.5 meters
WATER TABLE: 50 cm
VEGETATION: Rice during wet season, 35 to 60%
Paspalum during dry season. 
CLASSIFICATION: Sandy, siliceous, isohyperthermic, Typic
(Psammentic)* Sulfaquents.
DESCRIPTION
Ap— 0 to 13 cm: Very dark gray (N 3/ ) sandy clay,
structureless, (puddled) oxidized along roots, dark red (2.5 
YR 3/6) and dark reddish brown (2.5 YR 3/4) common fine 
prominent olive (5 Y 4/4) mottles, many fine roots, medium 
acid (pH = 6.0 reduced, 3.3 oxidized), abrupt smooth 
boundary.
Eg— 13 to 32 cm: Pale brown (10 YR 6/3) loamy coarse
sand, structureless, thin horizontal (2 to 3 mm thick) bands 
of very dark grayish brown (10 YR 3/2) sandy clay loam, 
strongly acid, (pH = 5.1 reduced, 3.0 oxidized), abrupt 
smooth boundary.
Btgl— 32 to 58 cm: Gray (5 Y 5/1) sandy clay loam,
structureless, moderately compacted, common fine fibrous 
roots, few coarse rhizophora roots, coated and bridged sand 
grains, strongly acid (pH = 5.4 reduced, 3.1 oxidized), 
gradual smooth boundary.
Btg2— 58 to 100 cm: Gray (5 Y 5/1) sandy clay loam,
structureless, few coarse rhizorhora roots (<1% rubbed), 
coated and bridged sand grains, slightly acid, (pH = 6.2 
reduced, 3.2 oxidized), gradual smooth boundary.
Cg— 100 to 150 cm: Gray (5 Y 6/1) sandy loam,
structureless, slightly acid, (pH = 6.4 reduced, 3.2 
oxidized).
* = proposed terminology for the "subgroup"
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S90Gui-4 (the Doniah series)
W. H. Hudnall
W. H. Hudnall and S. Cisse
Estuarian Valley partilly protected from 
tidal fluctuation by a dam. Sea 
water comes into the area each day, 
but the area sampled does not 
become covered by sea water.
4.0 meters
60 cm
Rhizophora (original) - philoxerus 
vermiculatus.
Clayey over sandy, mixed,
isohyperthermic, Typic (Sodic)* 
Sulfaquents.
DESCRIPTION
Azp— 0 to 9 cm: Dark brown (7.5 YR 3/2) clay, weak
medium subangular blocky structure, mottled very dark 
grayish brown (10 YR 3/2), light gray (10 YR 7/2), along 
cracks and root channels yellowish, red (5 YR 4/16), strong 
brown (7.5 YR 5/6), cracks are 1 to 2 cm across at the base 
of the horizon and 2 to 10 cm on the surface, distance 
between cracks is 2 to 10 cm, medium acid (pH = 5.6 reduced,
4.4 oxidized), abrupt smooth boundary.
Bjg— 9 to 28 cm: Dark gray (N4) clay, weak medium
subangular blocky structure, 80% ripe, cracks (0.5 to 1.5 mm 
wide), the material along the cracks are oxidized brown (7.5 
YR 4/4), common, medium, prominent olive yellow (2.5 YR 6/6) 
jarosite mottles, and common medium prominent brown (7.5 YR 
4/4) and dark red (2.5 YR 3/6) matrix mottles, few fine 
fibrous roots, strongly acid, (pH = 5.3 reduced, 4.6 
oxidized), gradual, wavy boundary.
Cgl— 28 to 46 cm: Grayish brown (10 YR 5/2) clay,
unripe (n>0.7) except that cracks extend to 46 to 50 cm, the 
cracks are filled with strong brown (7.5 YR 4/6) oxidized, 
firm material, 20% unrubbed and < 1% rubbed rhizophora 
fiber, strongly acid (pH = 5.2 reduced, 4.6 oxidized, 
gradual irregular boundary.
Remarks: This area had been cultivated with a hoe by the
peasants and the surface was cloddy. These clods were 
hydrologically connected to the soil. A thin crust of salt 
(1 to 2 cm thick) has accumulated at the surface creating a 
salt puff. On adjacent paddies that had not been 
cultivated, the amount of salt at the surface were much
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less. Cultivation amount of salts at the surface were much 
less. Cultivation increased the surface area for 
evaporation and salt formation.
Cg2— 46 to 60 cm: Dark gray (N4) clay, unripe (n>1.0)
many fine fibrous roots, (30% unrubbed, 1% rubbed), very 
strongly acid, (pH = 4.9 reduced, 2.6 oxidized), abrupt 
smooth boundary.
2Cg3— 60 to 100 cm: Gray (10 YR 6/1) loamy coarse
sand, structureless, common, coarse rhizophora roots (3 to 
5% 1 to 1.5 cm in diameters) < 1% rubbed, very strongly acid 
(pH = 4.9 reduced, 2.6 oxidized), gradual smooth boundary.
2Cg4— 100 to 150 cm: Gray (10 YR 6/1) loamy coarse
sand, very strongly acid (pH = 4.8 reduced, 3.0 oxidized).
* = proposed terminology for the "subgroup"
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PROFILE: S90Gui-5 (the Dentema series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse
ELEVATION : 2 meters
VEGETATION: Avicenia
PHYSIOGRAPHY: Mangrove tidal swamp. Approximately 2
kilometers from the Atlantic Ocean. 
CLASSIFICATION : Fine, mixed, isohyperthermic, Typic
(Sodic)* Sulfaquents
DESCRIPTION
Ag— 0 to 13 cm: Dark gray (5 Y 4/1) clay, unripe
(n>1.0) common medium Avicenia roots, many medium prominent 
strong brown (7.5 YR 4/5) and common medium prominent dark 
brown (7.5 YR 3/4) mottles, neutral (pH = 6.70 reduced, 5.6 
oxidized), abrupt smooth boundary.
Cgl— 13 to 34 cm: Dark greenish gray (5BG4/1) clay
unripe (n>1.0) many coarse live Avicenia roots, 10% unrubbed 
fiber, 0% rubbed, neutral, (pH = 6.7 reduced, 4.4 oxidized), 
strong Ĥ S smell, clear smooth boundary.
Cg2— 34 to 65 cm: Dark bluish gray (5B 4/1) clay,
unripe (n>1.0) 20% unrubbed fiber, 1% rubbed, neutral (pH = 
6.9 reduced, and 3.9 oxidized), strong H^S smell, gradual 
smooth boundary.
Cg3— 65 to 100 cm: Dark bluish (5B 4/1) clay, unripe
(n>1.0) changes color to grayish green (5G 4/2) after 5 
minutes exposure to air, 5% unrubbed fiber, <1% rubbed, the 
5G 4/2 is associated with the unrubbed fiber, strong HjS 
smell, neutral (pH = 7.2 reduced and 6.6 oxidized), gradual 
smooth boundary.
Cg4— 100 to 150 cm: Dark greenish gray (5BG 4/1) clay,
unripe (n>1.5), common, medium dark bluish gray (5B 4/1) 
mottles associated with fiber, 5% unrubbed fiber, < 1% 
rubbed, strong H^S smell, neutral (pH = 7.2 reduced and 7.0 
oxidized).
Remarks: The EC of the water in the pit was 10,045 X 10 UC, 
salinity = 5.5 X 10 ppt, pH = 7.07. The EC of the tidal was 
12, 550 X 20 salinity, 10.5 X 20 ppt, and pH = 7.12.
* = proposed terminology for the "subgroup"
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PROFILE: S90Gui-6 (the Mintani series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse
ELEVATION : 3.5 meters
VEGETATION: Avicenia (original) rice
PHYSOGRAPHY: Newly protected and drained tidal plain
between two sandy cheniers. 
CLASSIFICATION : Fine, mixed, isohyperthermic, Typic
(Sodic)* Endoaquerts.
DESCRIPTION
Ap— 0 to 23 cm: Very dark gray N/3 clay, massive,
extremely hard dry, firm moist, many [dark brown (7.5 YR 
4/4) and yellow red (5 YR 5/8)] iron stains along oxidized 
roots, medium acid (pH = 5.9 reduced, and 5.8 oxidized), 
abrupt smooth boundary.
Bssg— 23 to 40 cm: Grayish brown (2.5 Y 5/2) clay,
weak medium subangular blocky structure, common fine 
distinct olive yellow (2.5 Y 6/6), common medium prominent 
yellowish brown (10 YR 5/6) and few fine prominent reddish 
brown (5 YR 4/4) mottles, common weak pressure faces and 
slickensides, slightly acid (pH = 6.5 reduced, and 6.3 
oxidized), clear smooth boundary.
Cgl— 40 to 67 cm: Gray (N/5) clay, ripe (n<0.7) black
rock structure, common medium district olive yellow (2.5 Y 
6/6) and yellowish brown (10 YR 5/8) mottles, slightly acid 
(pH = 6.5 reduced and 6.4 oxidized), gradual smooth 
boundary.
Cg2— 67 to 100 cm: Gray (10 YR 5/1) clay, ripe (n<0.7)
blocky rock structure common medium distinct yellowish brown 
(10 YR 5/6) mottles, [dark reddish brown (2.5 YR 2.5/4) and 
brown (7.5 YR 4/4)] common oxidized krotovians channels, 
neutral (pH = 6.61 reduced, 6.6 oxidized), abrupt smooth 
boundary.
2Cg3— 100 to 150 cm: Mottled sandy loam, dark gray
(N/4); light yellowish brown (2-5 Y 6/4): yellowish brown
(10 YR 5/6) and dark yellowish brown (10 YR 3/4), unripe 
(n>0.7), many oxidized krotovians, 5 to 10% fine CaCO, shell 
hash, neutral (pH = 6.8 reduced, 6.8 oxidized.
REMARKS: The EC of the water which flowed into the pit was
12, 112 X 10 US, pH = 6.8.
MANAGEMENT: A 5 meter - deep drainage channel has been dug
since January 1990 and has drained this field- In previous
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years tidal sea water inundated these soils. This is the 
first dry season that these soils have not remained mostly 
saturated- Cracks at the surface extend to a depth of > 50 
cm (67cm). They are 2 to 10 cm wide on the surface and are 
< 5 mm at 50 cm. However, there are two more months of 
dryness, and the cracks are likely to extend to a greater 
deptn and become wider at 50 cm.
* = proposed terminology for the "subgroup"
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PROFILE: S90Gui-7 (the Mintany series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse
ELEVATION: 3.5 meters
VEGETATION: Original - Rhizophora and Avicenia
PHYSIOGRAPHY: Coastal plain, Drained by a 5 meter deep
drainage canal and protected from 
tidal sea water.
WATER TABLE: Below 150 cm
CLASSIFICATION: Fine, mixed, isohyperthermic, Typic
(Sodic)* Endoaquerts.
DESCRIPTION
Ap— 0 to 14 cm: Dark gray (N/4) silty clay, weak
medium subangular blocky structure, common medium distinct 
brownish yellow (10 YR 5/8) and olive yellow (2.5 Y 6/6) 
mottles, verticle cracks are 2 to 5 cm wide and 25 to 40 cm 
apart, many coarse pores, firm extremely hard (dry) slightly 
acid (pH = 6.1 reduced and 5.8 oxidized), clear wavy 
boundary.
Assp— 14 to 32 cm: Very dark gray (N3) clay, puddled 
weak medium subangular blocky structure, common slickensides 
tilted 60° that extent to the vertical cracks of the Ap, 
cracks follow the slickensides, common medium prominent dark 
brown (7.5 YR 4/4) common fine prominent dark reddish brown 
(5 YR 3/4) and reddish brown (5 YR 4/4) mottles, common fine 
roots, common medium and fine pores, firm, extremely hard 
(dry) slightly acid (pH = 6.4 reduced and 5.9 oxidized), 
abrupt wavy boundary.
Bss— 32 to 55 cm: Grayish brown (2.5 Y 5/2) clay, many
slickensides tilted 30 to 60°, common fine and medium 
prominent dark brown (7.5 YR 4/4) and few fine prominent 
dark red (2.5 YR 3/6) mottles, cracks are 3 to 5 cm wide, 
firm, slightly acid (pH = 6.4 reduced and 5.9 oxidized), 
clear wavy boundary.
Byg— 55 to 110 cm: Grayish brown (2.5 Y 5/2) clay,
moderate medium rock (dehydration) structure, firm, many 
fine and medium prominent strong brown (7.5 YR 4/6) mottles, 
firm, slightly acid (pH = 6.4 reduced, 5.9 oxidized), 
gradual smooth boundary.
Cyg— 110 to 150 cm: Grayish brown (2.5 Y 5/2) clay, 
ripe along old cracks, slightly ripe between cracks common 
fine distinct dark yellowish brown (10 YR 4/6) mottles, 
cracks have extended through this horizon in past dry
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seasons, common dark brown (7.5 YR 3/2) vertical 
krotovenias, slightly acid (pH = 6.4 reduced and 6.3 
oxidized), abrupt smooth boundary.
REMARKS: On the sight face of the pit there was a sand
lens, gray to reddish brown in color. Maximum thickness was 
10 cm. It diminished or. the right side of the pit.
Contained gypsum crystals w.'thin the sandy material. This 
material is believed to be similar to the carbonate hash 
encountered in S90Gui6, except that the sulfididic material 
had oxidized and reacted with the CaCCj to form gypsum.
* = proposed terminology for the subgroup"
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PROFILE: S90Gui-8 (the Madina series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H- Hudnall and S. Cisse
ELEVATION : 5 meters
VEGETATION: Rice
PHYSIOGRAPHY: Coastal Plain between cheniers.
LAND USE: Rice, burned in 1990, soil in previous
years direct seeding, no or minimal 
cultivation
WATER TABLE: 90 cm
MANAGEMENT: Direct seeding with no mechanical
preparation. Area has numerous 
fish holes that are used to trap 
fish as the dry season approaches. 




Ap— 0 to 10 cm: Dark gray (N/4) clay, friable,
moderate medium granular structure, many dark brown (7.5 YR 
4/4) oxidized root pores, common fine prominent yellowish 
red (5 YR 4/6) and yellowish brown (10 YR 5/8) mottles, 
medium acid (pH = 5.7 reduced and 5.3 oxidized), many fine 
continuous pores, clear smooth boundary.
Bg— 10 to 25 cm: Dark gray (N/4) clay, weak, medium
subangular blocky structure, many oxidized dark brown (7.5 
YR 4/4) iron stains along root channels, common fine 
distinct brownish yellow (10 YR 6/6) mottles, common medium 
pockets of dark reddish brown (2.5 YR 3/4) iron 
segregations, firm, medium acid (pH - 5.9 reduced and 5.9 
oxidized), clear smooth boundary.
2Bjg— 25 to 50 cm: Gray (N/5) sandy clay, weak medium
subangular blocky structure, common medium prominent dark 
reddish brown (2.5 YR 3/4) and yellowish brown (10 YR 5/6)] 
mottles, common medium olive yellow (2.5 Y 6/8) jarosite 
mottles, oxidized krotovinias (5 to 10%) 2 to 5 mm diameter 
extending to the bottom of the pit, neutral (pH = 6.7 
reduced and 6.5 oxidized), clear smooth boundary.
2Bog— 50 to 65 cm: Gray (5 Y 6/1) clay loam, partially
ripe (n% 1.0), many (3 to 5 mm diameter) dark yellowish 
brown (10 YR 4/6) and yellowish brown (10 YR 5/8) 
krotovinias, neutral, (pH = 6.8 reduced and 6.5 oxidized), 
gradual smooth boundary.
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2Byg— 65 to 90 cm: Greenish gray (5 GY 5/1) clay loam,
partially ripe (n«l.O), many (3 to 5 mm diameter) dark 
yellowish brown (10 YR 4/6) and yellowish brown (10 YR 5/8) 
krotovinias, gypsum occurs in pockets 2 to 5 mm in diameter, 
neutral (pH = 7.3 reduced and 7.1 oxidized), gradual smooth 
boundary.
2Cyg— 60 to 150 cm: dark greenish gray (5 BG 4/1) clay
loam, unripe (n%1.0) common dark yellowish bro^n (10 YR 4/4) 
and (10 YR 4/6) 3 to 5 mm in diameter krotovinias, gypsum 
occurs in pockets 3 to 5 mm in diameter, neutral (pH = 7.3 
reduced and 7.1 oxidized).
* = proposed terminology for the "subgroup"
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PROFILE: S90Gui-9 (the Gambian series)
DESCRIBED BY: W. H. Hudnall




LAND USE: Peasant, ridge and furrow transplant.
The peasants have used for rice 
production for many years. 
CLASSIFICATION: Fine, mixed, isohyperthermic, Typic
Endoaquerts.
DESCRIPTION
Ap— 0 to 16 cm: Very dark gray (N 3/) silty clay, weak
medium subangular blocky structure, friable, many fine brown 
(7.5 YR 4/4) oxidized root channels, common medium prominent 
strong brown (7.5 YR 4/6) mottles, slightly acid (pH = 6.1 
reduced and 5.4 oxidized), abrupt smooth boundary.
Bg— 16 to 32 cm: Black (N 2/1) clay, moderate coarse
prismatic and weak medium subangular blocky structure, firm, 
many medium and fine prominent red (7.5 R 4/8) and common 
medium prominent yellowish brown (10 YR 5/8) mottles, common 
fine root channels, slightly acid (pH = 6.3 reduced and 6.0 
oxidized), clear, wavy boundary.
Bssg— 32 to 54 cm: Grayish brown (2.5Y 5/2) clay, many
(60%) coarse well developed and expressed slickensides, the 
slickensides are very dark gray (N3 /) and dark gray (N 4/), 
firm, many medium distinct olive brown (lOYR 6/6) mottles, 
slightly acid (pH = 6.5 reduced and 6.3 oxidized), gradual 
wavy boundary.
Bssyg— 54 to 77 cm: Light olive brown (2.5Y 6/2) clay,
many 40% medium well developed and expressed slickensides, 
common medium distinct dark yellowish brown (10 YR 4/6) 
mottles, very dark gray (N3 /) and dark gray (N4 /) material 
in cracks, surface of the slickensides are dark gray (lOYR 
4/1), firm, gypsum crystal are in packets (5 to 10 mm in 
diameter), acid (pH = 6.9 reduced and 6.9 oxidized), clear 
wavy boundary.
Cgl— 77 to 105 cm: Light olive brown (2.5 Y 6/2) clay,
mostly ripe (n=0.7), moderate, medium rock structure common 
coarse and medium distinct dark yellowish brown (10 YR 4/6), 
acid (pH= 7.1 reduced and 7.0 oxidized), clear smooth 
boundary.
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Cg2— 105 to 150cm: Gray (5Y 5/1) clay, thinly bedded
sands, silt material are white (5Y 8/1) and constitute » 20% 
of the horizon, unripe (n = 0.7), common medium prominent 
yellowish brown (lOYR 5/4) mottles, slightly acid to neutral 
(pH = 7.2 reduced and 7.1 oxidized), gradual smooth 
boundary.
2Cg3— 150 + cm: Bedded yellowish brown (10 YR 5/4) and
lOYR 5/8) sandy loam, (80%) with thinly bedded gray (lOYR 
5/1) clay (20%), slightly acid (pH = 7.2 reduced and 7.1 
oxidized).
Remarks: The soil is cracked from the surface to 77 cm.
The cracks in the first two horizons are vertical and follow 
the slickensides to 77 cm. The cracks at the surface are 
open (2 to 5 cm). The cracks at 50 cm are > 1 cm wide. The 
slickensides extend to the base of the Ap horizon in the 
micro highs. The bowl is = 1 m in diameter with the bottom 
at 77 cm.











M a r c h  1 4 ,  1 9 9 0
S90Gui-10 (the Gambian series)
W. H. Hudnall
W. H. Hudnall and S. Cisse
5.5 meters
Fallow, mechanically plowed field 
Coastal plain 
110 cm
Fine, mixed, isohyperthermic, Typic 
Endoaquerts.
DESCRIPTION
Apl— 0 to 16 cm: Very dark gray (N 3/) silty clay
loam, moderately medium subangular blocky structure, 
friable, very hard (dry), many fine root pores that are 
coated with dark reddish brown (2.5 YR 3/4) and dark red 
(2.5 YR 3/6) oxidized iron, common medium prominent dark 
brown (7.5 YR 4/4) and strong brown (7.5 YR 4/6) mottles, 
many medium and fine pores resulting from root growth, 
medium acid (pH = 5.7 reduced and 5.7 oxidized), abrupt 
smooth boundary.
Ap2-16-to 28cm: Gray (N5 /) clay, weak medium
subangular blocky structure, firm, extremely hard (dry), 
common medium very dark gray (N3/) compose-rich bodies, few 
fine pores, medium acid (pH = 5.9 reduced and 5.5 oxidized), 
clear smooth boundary.
Bssg— 28 to 45 cm: Gray (N5/ ) clay, moderate medium
slickensides, firm, extremely hard (dry), few fine pores, 
common medium and fine faint olive yellow (2.5 Y 6/6) and 
common medium distinct dark yellowish brown (lOYR 4/4) 
mottles, common medium very dark gray (N3/ ) compose-rich 
bodies, medium acid (pH = 5.9 reduced and 5.7 oxidized), 
gradual smooth boundary.
Bssyg— 45 to 70 cm: Light brownish gray (2.5 Y 6/2)
clay, moderate medium well expressed slickensides, the 
surface of the slickensides are dark gray (N4/ ), moderate 
medium angular blocky structure, firm, common medium and 
fine distinct dark yellowish brown (10 YR 4/4) and common 
fine faint olive yellow (2.5 Y 6/6) mottles, gypsum crystals 
occur in pockets 3 to 5 mm in diameter, medium acid (pH =
6.0 reduced and 6.3 oxidized), gradual smooth boundary.
Cyg— 70 to 89 cm: Gray (N5/) clay, moderate medium
rock-like structure, moderately ripe (n 7.07), many oxidized 
dark brown (7.5 YR 4/4) krotovinias, (25%) common fine 
distinct dark yellowish brown (10 YR 4/6) mottles, the
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gypsum crystal occurs in pockets 3 to 5 mm in diameter, 
slightly acid (pH = 6.4 reduced and 6.4 oxidized), clear 
smooth boundary.
Cgl— 89 to 107 cm: Greenish gray (5GY 5/1) clay,
moderately ripe (n~0.7) moderate medium rock-like structure, 
few oxidized dark brown (7.5 YR 4/4) krotovinias, slightly 
acid (pH = 6.4 reduced and 6.6 oxidized), clear smooth 
boundary.
Cg2— 107 to 129 cm: Gray (5Y 5/1) bedded horizon of
oxidized dark yellowish brown (lOYR 4/6) sandy loam and 
clay, moderately unripe (n~0.7), few oxidized dark brown 
(7.5 YR 4/4) krotovinias, neutral (pH = 6.6 reduced and 6.5 
oxidized), gradual smooth boundary.
Cg3— 129 to 160 cm: Gray (N5 /) bedded sandy loam and
clay, unripe (n>0.7) few dark yellowish brown (lOYR 4/6) and 
yellowish brown (10 YR 5/6) krotavinias, slightly acid to 
neutral (pH = 6.7 reduced and 6.5 oxidized).
REMARKS: This soil is the same soil as profile 590 Gu-9.
However 590, Gu-10 is managed as part of the Soviet Union- 
Guinean project and the surface is plowed by tractors. This 
creates an effective mulch and cracks are not open to the 
atmosphere. This soil was wetter and the cracks extended to 
> 60 cm. The cracks were open 2 to 5 mm at 50 cm.
REMARKS: This field is part of the Guinean-Soviet Union 
management project since 1986. This field was moldboarded 
and disked one week prior to (direct seedling) sampling. 
Fertilizers are used (150 kg of 15-15-15 by hand). Prior to 
the first years management, organic compost was added at the 
rate of 10 T/ha. Yields have averaged over 3 T/ha.
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KOBA
M a r c h  16, 1 9 9 0
PROFILE: S90Gui-ll (the Koba series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W- H. Hudnall and S. Cisse
ELEVATION: 3 meters
VEGETATION: Avicenia and Rhizophora
PHYSIOGRAPHY: Coastal plain, 200 meters from the
Atlantic Ocean.
LAND USE: Mangrove swamp
CLASSIFICATION: Fine loamy, siliceous, isohyperthermic,
nonacid, Typic Hydraquents.
DESCRIPTION
Ag— 0 to 20 cm: Olive gray (5 Y 4/2) silty clay,
unripe (n>1.0) common medium prominent dark reddish brown 
(7.5 YR 3/4) mottles, few medium and coarse avicenia roots, 
slightly acid (pH = 6.3 reduced and 6.0 oxidized), clear 
smooth boundary.
Bg— 20 to 45 cm: Greenish gray (5BG 5/1) clay, unripe
(n>1.0) many medium and coarse avicenia roots, many medium 
and coarse, prominent dark reddish brown (5 YR 3/4) mottles, 
5% unrubbed fiber, <1% rubbed, slightly acid (pH = 6.3 
reduced and 5.8 oxidized), clear smooth boundary.
Cgl— 45 to 70 cm: Dark bluish gray (5 B 4/1) sandy
clay, unripe (n>1.0), common medium and coarse prominent 
dark reddish brown (2.5 YR 3/4) and dark red (2.5 YR 3/6) 
mottles, 5% unrubbed fiber, <% rubbed, common fine Avicenia 
roots, neutral (pH = 6.9 reduced and 5.7 oxidized), gradual 
smooth boundary.
Cg2— 70 to 109 cm: Dark bluish gray (5B 4/1) sandy
clay, unripe (n>1.0), 5 to 10% coarse sand-sized shell 
fragments, (hash 5%, unrubbed fiber, <1% rubbed) few medium 
faint greenish gray (5GY 5/1) mottles, neutral (pH = 6.7 
reduced and 6.4 oxidized), gradual smooth boundary.
Cg3— 109 to 150 cm: Dark bluish gray (5B 4/1) sandy
clay loam, (n>1.0) 5 to 10% coarse sand-sized shell 
fragments (hash), 15% unrubbed fiber, <1% rubbed, few find 
faint very dark gray (N3/) mottles, neutral (pH = 6.9 
reduced and 6.5 oxidized).
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KOBA
M a r c h  1 6 ,  1 9 9 0
PROFILE: S9QGui-12 (the Kitikata series)
DESCRIBED BY: W. H. Hudnall
SAMPLED BY: W. H. Hudnall and S. Cisse
ELEVATION: 3 m
VEGETATION: Originally Rhizophora, presently rice
MANAGEMENT: Peasant transplant on flat surface.
Appears to have Fe toxicity, salt 
and low pH problem.
LAND USE: Rice during wet season
PHYSIOGRAPHY: Coastal Plain behind Chenier
CLASSIFICATION: Fine, mixed, isohyperthermic,
Hydraquentic Sulfaquents.
DESCRIPTION
Ap— 0 to 10 cm: Very dark gray (N3) silty clay, 
moderate, medium subangular blocky structure, firm, many 
root channels that have strong brown (7.5 YR 5/6, 5/8) 
oxidized iron coating, few medium prominent red (2.5 YR 4/8) 
mottles, few medium prominent red (2.5 YR 4/8) mottles, 
extremely acid (pH = 4.2 reduced and 3.2 oxidized), abrupt 
smooth boundary.
Bjg 1— 10 to 24 cm: Very dark gray (N 3/ ) clay,
moderately ripe, (n ~ 0.7), many coarse and medium prominent 
olive yellow (2.5 Y 6/6) jarosite mottles in the matrix and 
along cracks, the soil material adjacent to the cracks 
extending 3 to 5 mm into the matrix is strong brown (7.5 YR 
5/6), 10% fiber unrubbed, <1% rubbed, ultra acid (pH = 3.4 
reduced and 2.5 oxidized), clear smooth boundary.
Bjg 2— 24 to 46 cm: Very dark gray (N 3/) clay, unripe 
(n ~ 1.0), many coarse and medium prominent olive yellow 
(2.5 Y 6/6 and 6/8) 15% unrubbed fiber, < 1% rubbed, ultra 
acid (pH = 2.8 reduced and 2.2 oxidized), gradual smooth 
boundary. A few crack extend into this horizon. Presence 
of 25% jarosite mottles.
Cgl— 46 to 71 cm: Dark greenish gray (5 BG 4/1) clay,
unripe (n>1.0), 20% unrubbed fiber, <1% rubbed, (few fine 
prominent olive yellow (2.5 Y 6/6) jarosite mottles 30%), 
ultra acid (pH = 3.7 reduced and 2.8 oxidized), gradual 
smooth boundary.
Cg2— 71 to 102 cm: Dark bluish gray (5 B 4/1) clay,
unripe, (n > 1.0) 25% unrubbed fiber, < 1% rubbed, extremely 
acid (pH = 4.0 reduced and 3.7 oxidized), gradual smooth 
boundary.
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Cg3— 102 to 132 cm: Dark bluish gray (5 B 4/1) clay,
unripe (n>1.0) 20% unrubbed fiber, < 1% rubbed, very 
strongly acid (pH = 4.5 reduced and 3-6 oxidized), gradual 
smooth boundary.
Cg4— 132 to 150 cm: Dark bluish gray (5 B 4/1) clay,
unripe (n >1.0), 10% fiber unrubbed, < 1% rubbed, medium 
=cid (pH = 5.7 reduced and 4.1 oxidized).
The pH of the water collected in the pit was 6.30.
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KOBA
M a r c h  1 7 ,  1 9 9 0
PROFILE: S90Gui-13 (the Gambian series)
DESCRIBED BY: W. H. Hudnall
SAII'OLED BY: W. H. Hudnall and S. Cisse
ELEVa PTON: 3 meters
VEGETATIv y : Annual grasses
MANAGEMENT: 1954 Management Guinean Rice Research
Station
LAND USE: Fallow during 1989. Peasant transplants
rice to flat paddy.
WATER TABLE: 120 cm
PHYSIOGRAPHY: Coastal Plain behind chenier
CLASSIFICATION: Fine, mixed, isohyperthermic, Typic
Endoaquerts.
DESCRIPTION
Ap— 0 to 10 cm: Black (N2/) silty clay loam, moderate
medium granular structure, common fine prominent dark brown 
(7.5 YR 4/4) mottles, friable, many medium and fine roots, 
many fine continuous pores, crack are open to surface (2 to 
3 mm), distance between cracks is 10 to 15 cm, strongly acid 
(pH = 5.5 reduced, 4.5 oxidized), abrupt smooth boundary.
Bsg— 10 to 21 cm: Gray (N/5) silty clay, moderate
medium subangular blocky structure, firm, many medium 
prominent dark brown (7.5 YR 4/4) and few medium prominent 
dark red (2.5 YR 3/6) mottles, the dark brown mottles occur 
as coats on ped faces on cracks, the dark red mottles are 
dispersed throughout the matrix many medium and fine root 
channels which are new pores, very strongly acid (pH = 5.0 
reduced and 4.8 oxidized), abrupt smooth boundary.
Bssgl— 21 to 36 cm: Gray (5 Y 5/1) clay, moderate
coarse prismatic structure, common, almost horizontal, well 
formed and expressed slickensides, cracks are vertical and 
open (3 to 5 mm) matrix is very firm with moderate medium 
subangular blocky structure along the cracks extending 1 to 
2 cm into the prisms, common medium fine prominent strong 
brown (7.5 YR 4/6), few medium prominent dark reddish brown 
(2.5 YR 3/4) mottles, medium acid (pH = 5.9 reduced and 5.5 
oxidized), common medium roots, gradual wavy boundary.
Bssg2— 36 to 70 cm: Gray (5 Y 6/1) clay, moderately
strong parallel piped (2 to 5 cm long, 2 to 3 cm wide), 
firm, slickensides (tilted 40 to 60") are well formed and 
expressed, cracks branch to form the parallel pipeds, firm, 
many medium prominent yellowish brown (10 YR 5/6, 5/8) and 
common medium prominent dark brown (7.5 YR 4/4) mottles, 
common medium and fine roots, slightly acid (pH = 6.2
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reduced and 6.1 oxidized), common fine discontinuous pores, 
gradual wavy boundary.
Bssg3— 70 to 94 cm: Gray (5 Y 61) clay, moderate
medium well formed parallel piped (2 to 5 cm long, 2 to 3 cm 
wide), few coarse slickensides (12 to 15 cm tilted 60°), 
firm, common medium prominent yellowish brown (10 YR 5/5) 
mottles, few medi."^ and fine roots dominantly along the 
slickensides, few cracks extend to the base of this horizon 
that were open in previous dry seasons and are filled with 
very dark gray (N 3/) material, slightly acid (pH = 6.4 
reduced and 6.3 oxidized), gradual wavy boundary.
Bssg4— 94 to 121 cm: Gray (5 Y 6/1) clay, moderate
medium well formed parallel pipeds (moderate medium angular 
blocky structure, firm, common medium prominent yellowish 
brown (10 YR 5/6) mottles, few medium and fine roots, common 
fine pores, slightly acid (pH = 6.3 reduced and 6.5 
oxidized), gradual wavy boundary.
BssgS— 121 to 150 cm: Bluish gray (5 B 6/1) clay,
common coarse almost vertical slickenside (5 to 10 cm 
across), firm common medium prominent dark brown (7.5 YR 
4/4) mottles, common dark brown (7.5 YR 3/1 and 3/4), 
oxidized krotovinias (2 to 5 mm in diameter), slightly acid 
(pH = 6.2 reduced, and 6.2 oxidized).













M a r c h  1 7 ,  1 9 9 0
S90Gui-14 (the Dentema series)
W. H. Hudnall
W. H. Hudnall and S. Cisse
3 IL
Original: Avicenia and probably 
Rhizophora, now rice
Sugarcane, 1972 through 1984, rice since 
1984
62 cm
Coastal Plain between two cheniers
When sugarcane was being produced, there 
was plant cane, two ratoon crops 
followed by rice during wet season 
of the fourth year.
Fine, mixed, isohyperthermic, Typic 
(Sodic)* Sulfaquents.
DESCRIPTION
Asp— 0 to 17 cm: Very dark gray (N 3/ ) clay,
moderate medium and fine granular blocky structure, friable, 
extremely hard (dry), many coarse and medium prominent dark 
red (2.5 YR 3/6) mottles and stains along cracks and root 
channels, many medium and fine root channels and pores, 
strongly acid (pH = 5.5 reduced and 4.3 oxidized), abrupt 
smooth boundary.
Bgl— 17 to 33 cm: Dark gray (N 4/ ) clay, moderate
prismatic breaking to weak medium subangular blocky 
structure, firm, extremely hard (dry), common medium 
prominent yellowish red (5 YR 4/6 and 5/6) mottles many root 
channels with iron coatings, very strongly acid (pH = 4.5 
reduced and 4.0 oxidized), clear smooth boundary.
Bg2— 33 to 62 cm: Dark gray (N 4/) clay, weak coarse
prismatic structure, the prism matrix is moderately ripe (n 
~ 0.7), common medium distant light yellowish brown (2.5 Y 
6/4) and common medium prominent strong brown (7.5 YR 4/6) 
mottles, extremely acid (pH = 4.2 reduced and 3.9 oxidized), 
clear smooth boundary.
Bsg— 62 to 100 cm: Dark gray (N 4/ ) clay, moderately
ripe (n= 0.7) many krotovinias (2 to 5 mm in diameter) that 
are filled with dark brown (7.5 YR 4/4), few krotovineas 
dark red (2.5 YR 3/6), very strongly acid (pH = 4.8 reduced 
and 4.2 oxidized), clear smooth boundary.
Cgl— 100 to 126 cm: Dark greenish gray (5 BG 4/1)
clay, unripe (n>1.0), common krotovinias ( 2 to 5 mm in
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diameter) dark brown (7.5 YR 4/2), medium acid (pH = 5.7 
reduced and 5.5 oxidized), gradual smooth boundary.
Cg2— 126 to 150 cm: Dark bluish gray (5b 4/1) clay,
unripe (n> 1.0), many black (N 2/ ) coarse sand sized 
pyrite, medium acid (pH = 5.9 reduced and 5.5 oxidized).
* = proposed terminology for th "su., group"













M a r c h  1 8 ,  1 9 9 0
S90Gui-15 (the Taborea series)
W. H. Hudnall
W- H. Hudnall and S. Cisse 
5 m
Rice- fallow at time of ^^mpling 
Wet-season paddy 
115 cm
Coastal Plain behind chenier 
Former sugarcane field installed and
managed by the Chinese (See S90 Gu 
14).
Fine, mixed, isohyperthermic, acid,
Typic (Sodic)* Endoaquepts.
DESCRIPTION
Ap— 0 to 25 cm: Black (N 2/ ) silty clay loam,
moderate medium granular structure, friable, many fine 
prominent strong brown iron stains in old root channels, 
many fine and medium continuous pores polygonal arranged 
cracks on the surface are 10 to 15 cm apart and are open 3 
to 5 mm, extremely acid (pH = 4.4 reduced and 4.3 oxidized), 
abrupt smooth boundary.
Eg— 25 to 42 cm: gray (5 Y 6/1) silty clay, weak
medium subangular blocky and weak coarse prismatic 
structure, firm, few medium faint olive yellow (5 Y 6/6), 
few fine prominent yellowish brown (10 YR 5/6) and dark 
brown (7.5 YR 4/4) mottles, common medium and fine 
continuous pores, extremely acid (pH = 4.4 reduced and 4.4 
oxidized), clear wavy boundary.
Bog— 42 to 80 cm: Gray (5 Y 6/1) and dark red (7.5 R
3.8) clay, moderate medium subangular blocky and weak coarse 
prismatic structure, firm, common medium prominent yellowish 
brown (10 YR 5/8) mottles, common medium and fine 
discontinuous pores, extremely acid (pH = 4.3 reduced and 
4.2 oxidized), clear wavy boundary.
Bgl— 80 to 113 cm: Dark gray (5 Y 4/1) clay, moderate
medium subangular blocky structure, firm, common medium 
prominent dark brown (7.5 YR 4/4), few fine prominent dark 
red (7.5 R 3/8) mottles, common medium and fine 
discontinuous pores, most of the pores are old root channels 
and are stained yellowish brown (10 YR 5/6) with iron, very 
strongly acid (pH = 4.5 reduced and 4.3 oxidized), abrupt 
smooth boundary.
Bg2— 113 to 158 cm: dark gray (N 4/ ) stratified
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sands, silts and clays, moderately ripe (n > 0.7) common 
dark yellowish brown (10 YR 3/4) krotovinias, common medium 
prominent olive yellow (2-5 Y 6/6) mottles associated with 
the krotovinias, common medium olive brown (2.5 Y 4/4) 
stains, medium acid (ph = 5.7 reduced and 5.5 oxidized).
*  = prosed terminology for the "subgroup."
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VITA
Sekou Cissé is a soil scientist in service at the 
National Service of Soils, Republic of Guinea. He obtained 
his B.S. in Agricultural Sciences at the University of 
Conakry in 1974, his B.S. in Agricultural Chemistry at the 
Agricultural Institute of Tashkent (USSR) in 1982, and his 
Ph.D. at Louisiana State University in the fall of 1992.
In the United States, Sekou participated in several 
field investigations in Louisiana with other specialists 
from the USDA, LSU, and the Louisiana Department of 
Agriculture.
In Guinea, Sekou assisted the director in planning, 
developing and coordinating collaborative activities and 
programs with the Soviet Soil Management Institution during 
the implementation of the Monchon project. He lead the 
National Soil Survey team during the vocational studies of 
the inland valleys and alluvial plains of the Upper Niger 
(Niger River). He translated laboratory manuals and 
handbooks from Russian to French. He trained laboratory 
staff of the Service to master Soviet methods used in soil 
characterization. While at SENASOL, he was elected five 
times as President of the Social Commission.
Sekou speaks and writes French, English, and Russian as 
well as five other languages spoken in West Africa. He is 
married and has three children.
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